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Circuit diagrams are included as a means of illustrating typical applications, and complete information for construction purposes is not 
necessarily given. The information presented here has been carefully checked, and is believed to be entirely reliable, but no responsibility 
is assumed for inaccuracies. Furthermore, no responsibility is assumed by SEEQ Technology, Inc., for its use; nor for any infringements 
of patents or other rights of third parties, which may result from its use. No license is granted by Implication, or otherwise, under any 
patent or patent rights of SEEQ Technology, Inc. 

SEEQ Technology makes no warranty for the use of its products and assumes no responsibility for any errors which may appear in this 
document nor does it make a commitment to update the information contained herein. 

SEEQ retains the right to make changes to these specifications at any time, without notice. 

Contact your local sales office to obtain the latest specifications before placing your order 

The following are trademarks of SEEQ Technology and may only be used to Identify SEEQ products: 

Silicon Signature™ 
EDLC" 
DiTrace™ 
MCC™ 

Assembly locations: Military products are assembled at SEEQ's offshore (Korea, Philippines, Taiwan) and stateside assembly plants. The 
assembly plants are identified by a designated alpha code as part of the device backside marking. The alpha codes used are: Korea = K, 
Philippines = P, Taiwan = T, United States = U.S.A. 

Additional copies of this manual or other SEEQ literature may be obtained from: 

SEEQ Technology Incorporated 
Literature Department 
1849 Fortune Drive 
San Jose, CA 95131 
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SECTION 1 



EPROMS 

(Erasable Programmable Read Only Memories) 




Features 

■ 200 ns Access Times at to 70° C 

■ Programmed Using Intelligent Algorltlim 

— 21V Vpp 

— 2 Minutes for 27128 (5143) 

— 1 Minute for 2764 (5133) 

■ JEDEC Approved Bytewide Pin 
Configuration 

— 2764 8Kx 8 Organization 

— 27128 16Kx 8 Organization 

■ Low Power Dissipation 

— 100 mA Active Current 

— 30 mA Standby Current 

■ Extended Temperature Range Available 

■ Silicon Signature^" 



2764 (5133) 

64K EPROM 

27128 (5143) 

128K EPROM 

April 1985 



Description 

SEEQ's 2764 (5133) and 27128 (5143) are ultraviolet 
light erasable EPROMs which are organized 8K x 8 
and 16K X 8 respectively. They are pin for pin com- 
patible to JEDEC approved 64K and 128K EPROMs 
in all operational/programming modes. Both devices 
have access times as fast as 200 ns over the to 
70° C temperature and Vcc tolerance range. The 
access time is achieved without sacrificing power 
since the maximum active and standby currents are 
100 mA and 30 mA respectively. The 200 ns allows 
higher system efficiency by eliminating the need for 
wait states in today's 8- or 16-bit microcomputers. 

Initially, and after erasure, all bits are in the "1 " state. 
Data is programmed by applying 21 V to Vpp and a 
TTL "0" to pin 27 (program pin). The 2764 (5133) and 
27128 (5143) may be programmed with an intelligent 

(continued on page 2) 



Block Diagram 



^ 



AcC 



^ 



C> 



^ 



TJ 



Mode Selection 



^^^•^^^^ PINS 
MODE ^"""---.^ 


CE 
(20) 


OE 
(22) 


PGM 
(27) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


ViL 


ViL 


VlH 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


ViL 


Vpp 


Vcc 


Din 


Program Verify 


ViL 


ViL 


VlH 


Vpp 


Vcc 


DouT 


Program Inhibit 


VlH 


X 


X 


Vpp 


Vcc 


HighZ 


Silicon Signature'"* 


ViL 


ViL 


VlH 


Vcc 


Vcc 


Encoded 
Data 



Pin Configuration 







2764/27128 




VppI; 


1 


28 




A< 


2 


27 




A.t 


3 


26 




Aet 


4 


25 




AsC 


5 


24 




A4|^ 


6 


23 




A3t 


7 


22 




A.t 


8 


21 




A.^ 


9 


20 




Aot 


10 


19 




o„t 


11 


18 




o,t 


12 


17 




o.i; 


13 


16 




gndF 


14 


15 





PGM 

A,3[1] 



NOTE 1: PIN 26 IS A NO CONNECT 
ON THE 2764. 



Pin Names 


Ac 


ADDRESSES- COLUMN (LSB) 


Ar 


ADDRESSES -ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 


PGM 


PROGRAM 



X can be either Vil or Vih 

* For Silicon Signature'": Ao is toggled, Ag = 12V, and all other addresses are at a TTL low. 

Silicon Signature'" is a registered trademark of SEEQ Technology. 
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2764 (5133) 
27128 (5143) 



algorithm that is now available on commercial pro- 
grammers. The programming time is typically 5 
ms/byte or 2 minutes for all 16K bytes of the 27128. 
The 2764 requires only half of this time, about a min- 
ute for 8K bytes. This faster time improves 
manufacturing throughput time by hours over con- 
ventional 50 ms algorithms. Commercial program- 
mers (e.g. Data I/O, Pro-log, Digelec, Kontron, and 
Stag) have implemented this fast algorithm for 
SEEQ's EPROMs. If desired, both EPROMs may be 



programmed using the conventional 50 ms pro- 
gramming specification of older generation EPROI\/ls. 

Incorporated on SEEQ's EPROf\/ls is Silicon Signa- 
ture™. Silicon Signature contains encoded data 
which identifies SEEQ as the EPROt\A manufacturer, 
the product's fab location, and programming infor- 
mation. This data is encoded in ROM to prevent 
erasure by ultraviolet light. 



Absolute Maximum Ratings 

Temperature 

Storage -65° C to +150° C 

Under Bias -10° C to +80° C 

All Inputs or Outputs with 

Respect to Ground +7V to -0.6V 

Vpp During Programming with 

Respect to Ground +22V to -0.6V 

Voltage on Ag with 

Respect to Ground +15.5V to -0.6V 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



Recommended Operating Conditions (27xx = 2764 and 27i28)iii 





27XX-20, 27XX-25 
27XX-30, 27XX-45 


27XX 
27XX-2, 27XX-3, 27XX-4 


Vcc Supply \/oltagel21 


5V±10% 


5 V ± 5% 


Temperature Range (Read Mode) 


0to70°C 


Oto70°C 


Vpp During Programming 


21 ± 0.5 V 


21 ±0.5V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


IVIin. 


iVIax. 


llN 


Input Leakage Current 




10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


lpp|21 


Vpp Current Read Mode 




5 


mA 


Vpp = Vcc Max. 


Prog. Mode 




30 


mA 


Vpp = 21.5V 


ICCll2| 


Vcc Standby Current 




30 


mA 


CE = ViH 


ICC2l2| 


Vcc Active Current 




100 


mA 


CE=OE = ViL 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 fiA 



NOTES: 

1. The 5133 and 5143 have the same dash numbers and operate with the same operating conditions as the 2764 and 27128 respec- 
tively. The specifications are exactly the same. 

2. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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AC Operating Characteristics During Read 



Symbol 


Parameter 




Limits 


nsec) 




Test 
Conditions 


27XX-2 
27XX-20 


27XX 
27XX-25 


27XX-3 
27XX-30 


27XX-4 
27XX-45 


Min. 


Max. 


IMin. 


iUlax. 


IVIin. 


IVIax. 


IMin. 


iVIax. 


Ucc 


Address to Data Valid 




200 




250 




300 




450 


CE = OE = ViL 


tCE 


Chip Enable to Data Valid 




200 




250 




300 




450 


OE = ViL 


tOE 


Output Enable to Data 
Valid 




75 




100 




120 




150 


CE = ViL 


tDF 


Output Enable to Output 
Float 





60 





60 





105 





130 


CE = ViL 


toH 


Output Hold from Chip 
Enable, Addresses, or 
Output Enable whichever 
occurred first 






















CE = OE = ViL 



Capacitance^^ ^ 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


PF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



A.C. Test Conditions 

Output Load: 1 TTL gate and Cl=100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



ADDRESSES 



X 



ADDRESSES 
VALID 



-»CE- 



\ 



-toE[2]- 



^ 



::;ZK 



VALID OUTPUT 



-tor [3]- 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED UP TO Iacc — tOE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON Iacc- 

3. toF IS SPECIFIED FROM SE OR SE, WHICHEVER OCCURS FIRST. 
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Erasure Characteristics 

The 64K and 128K EPROMs are erased using ultra- 
violet light which has a wavelength of 2537 
Angstroms. The integrated dose, i.e., intensity x 
exposure time, for erasure is a minimum of 15 watt- 
second/cm^. The EPROf\A should be placed within 
one inch of the lamp tube during erasure. Table 1 
shows the typical EPROM erasure time for various 
light intensities. 

Table 1. Typical EPROM Erasure Time 



Light intensity 
(Micro-Watts/cm2) 


Erasure Time 
(iVUnutes) 


15,000 


20 


10,000 


30 


5,000 


55 



SUIcon Signature™ 

Incorporated in SEEQ's EPROI\/ls is a row of mask 
programmed read only memory (ROM) cells which is 
outside of the normal ffnemory cell array. The ROM 
contains the EPROM's Silicon Signature. Silicon 
Signature contains,data which identifies SEEQ as the 
manufacturer and gives the product code. This data 
allpws programmers to match the programming 
specification against the product which is to be 
programmed. If there is verification, then the pro- 
grammer can proceed progranriming. 

Silicon Signature is activated by raising address Ag to 
12V ± 0.5V, bringing chip enable and output enable 
to a TTL low, having Vqc st 5V, and having all 
addresses except Aoat a TTL low. The Silicon Signa- 
ture data is then accessed by toggling (using TTL) 



the column addresses Aq. There are 2 bytes of data 
available (see Table 2). The data appears on outputs 
Oq to Oft with Of used as an odd parity bit. This 
mode is functional at 25±5°C ambient temperature. 

Table 2. Silicon Signature Bytes 





Ao 


Hex Data 


SEEQ Code (Byte 0) 


ViL 


94 


Product Code (Byte 1) 
2764 
27128 


VlH 
VlH 


40 
C1 



Programming 

Both EPROMs may be programmed using an intelli- 
gent algorithm or with a conventional 50 msec 
programming pulse. The intelligent algorithm 
improves the total programming time by approxi- 
mately 10 times over the conventional 50 msec 
algorithm. It typically requires only 1 and 2 minute 
programming time for all 64K and 128K bits 
respectively. 

The intelligent algorithm requires Vcc = 6V and Vpp 
= 21V during byte programming. The initial program 
pulse width is one millisecond, followed by a se- 
quence of one millisecond pulses. A byte is verified 
after each pulse. A single program pulse, with a time 
duration equal to 4 times the number of one milli- 
second pulses a'pplied, is additional given to the 
address after it is verified as being correctly pro- 
grammed. A maximum of 15 one millisecond pulses 
per byte should be applied to each address. When 
the intelligent algorithm cycle has been completed, 
all bytes must be read at Vqc = ^pp = 5V. 
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Intelligent Algorithm Flowchart 



2764 (5133) 
27128 (5143) 
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Intelligent Algorithm 



2764 (5133) 
27128 (5143) 



X 



ADDRESS STABLE 



•as„ 

(2) 



< 



/ 



/ 



DATA IN STABLE 



Ids 

■ (2)- 



tvps 
"(2) 



tvcs_ 
"(2) 



K 



tCES 
(2) 



} 



\_/ 



tpw 
(0.95 ms) 



topw 
(3.8 ms) 



X 



•OES_ 
(2) " 



\ 



< 



DATA OUT VALID 

)h 



> 



tDFP 
(0,13) 
MAX. 



NOTES: 

1 . ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN ^SEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS .8V FOR A Vil AND 2V FOR A V|h. 

3. toE AND tDFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 
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Intelligent Algorithm 

AC Programming Characteristics^ Ta = 25 ± 5° c, Vcci^ i = 6.0 v ± 0.25 v, Vpp = 21 v ± o.s v 



Symbol 


Parameter 


Limits 


Unit 


iVIin. 


Typ. 


IMax. 


tAS 


Address Setup Time 


2 






us 


tOES 


OE Setup Time 


2 






MS 


Ids 


Data Setup Time 


2 






MS 


tAH 


Address Hold Time 









MS 


tDH 


Data Hold Time 


2 






MS 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






MS 


tvcs 


Vcc Setup Time 


2 






MS 


tpwl21 


PGM Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


topwisi 


PGM Overprogram Pulse Width 


3.8 




63 


ms 


tCES 


CE Setup Time 


2 






MS 


tOE 


Data Valid from OE 






150 


ns 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. Initial Program Pulse width tolerance is 1 msec ± 5%. 

3. The length of the overprogram pulse w^ill vary from 3.8 msec 
to 63 msec as a function of the iteration counter value X. 

4. For 50 ms programming, Vcc = 5 V ± 5%, Tpw = 50 ms 
± 10%, and Topw is not applicable. 



*AC Test Conditions 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 



Ordering Information 

SEEQ's 64K EPROM may be ordered using either 
the generic product number 2764 or 5133. The 
package is dual marked with both product numbers. 
The die, masks, processing, testing, and data sheet 
specifications are the same. The 5133 is SEEQ's 
original part number for the 2764 64K EPROM. The 
same is also true for the 5143 (i.e. 27128) 128K 
EPROM. 

PART NUMBER 

D Q 2764 OR D Q 5133-25 

Q 27128 -25 OR D Q 5143-25 



X 



- ACCESS TIME (BLANK = 250 ns ( 
-GENERIC PART NUMBER 

- TEMPER ATUR E: Q = to 70° C 
-PACKAGE: D=CERDIP 



Package Diagram 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



n rr ri n 


nr-inr-ir-ir-inr-ir-in 






O ' 


0.557 ± 
(14.15 H 


0.042 
1.07) 




LJLJLJl_JULJl_ll_IUI_l 
1.460 ± 0.025 


0.160 + 0.02 




(37.08 i 0.64) 


(4.06 ± 0.50) 



Ei 



0.04 1 0.02 
(1.01 t 0.50) 



0.100 ± 0.010 
(2.54 ± 0.25) 



DIMENSIONS IN 
INCHES AND 
(MILLIMETERS). 



0.610 ± 0.01 
'(15.49*0.25) 



■" nl*" 0.125 MIN. 

0.018 t 0.002 (3.17) 

(0.45 + 0.05) 



eeeo 



0.055 t 0.008 
(1.39 i0.20) 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.660 ± 0.04 ^1 

(16.76*1.01) 1 
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27C2B6 

256K CMOS EPROM 



August 1985 



Features 

m 256K (32K x 8) CMOS EPROM 

■ Ultra Low Power 

— 100 fxA Max. Vcc Standby Current 

— 40 mA Max. Active Current 

■ Programmed Using Intelligent Algorithm 

— 12.5 Vpp 

■ 250 ns Access Times 

— 5 V ±10% Vcc 

— Oto 70° C Temperature Range 

■ JEDEC Approved Bytewlde Pin 
Configuration 

■ Silicon Signature'" 



Description 

SEEQ's 27C256 is the industry's first 256K CMOS 
EPROM. It lias a 32K x 8 organization and lias very 
low power dissipation. Its 40 mA active current is 
less than one half the active power of n-channel 
EPROMs. In addition the 100 ixA Vcc standby 
current is orders of magnitude lower than those 
same EPROMs. Consequently, system memory sizes 
can be substantially increased at a very small 
increase in power. Low active and standby power is 
important in applications which require portability, 
low cooling cost, high memory bit density, and long 
term reliability. 

The 27C256 is specified over the to 70° C tempera- 
ture range and at5V± 10% Vcc- The access time is 
specified at 250 ns, making the 27C256 compatible 
with most of today's microcomputers. Its inputs and 
outputs are completely TTL compatible. 



Block Diagram 



A6-A14[; 



^ 



Ao-A5[; 



^ 



Mode Selection 



^ 



^ 



^ 



PINS 
MODE 


CE 
(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13,15-19) 


Read 


ViL 


ViL 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


Vpp 


Vcc 


Din 


Program Verify 


VlH . 


VlL 


Vpp 


Vcc 


DoUT 


Program Inliibit 


VlH 


VlH 


Vpp 


Vcc 


HighZ 


Silicon Signature"** 


ViL 


VlL 


Vcc 

1 


Vcc 


Encoded 
Data 



Pin Configuration 



27C2S6 




vppi; 


1 


^ 28 


J 


A.i; 


2 


27 




A,i; 


3 


26 




Aei; 


4 


25 




A.i; 


5 


24 




A,t 


6 


23 




A,t 


7 


22 




A.i; 


8 


21 




A,i; 


9 


20 




Act 


10 


19 




Ooq 


11 


18 




ci; 


12 


17 




Oat 


13 


16 




gnd|^ 


14 


15 





Pin Names 



A0-A5 


ADDRESSES — COLUMN (LSB) 


Ae - Au 


ADDRESSES — ROW 


CE 


CHIP ENABLE 


Ol 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



X can be either Vil or Vih. 

*For Silicon Signature": Ac is toggled, A9 = 12 V, and all other addresses are at a TTL low. 
Silicon Signature™ is a registered trademark of SEEQ Technology. 
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27C256 



Initially, and after erasure, all bits are in the "1 " state. 
An intelligent algoritlim is used to program the 
27C256 typically in four minutes. Data is programmed 
using a 12.5 V Vpp and an initial chip enable pulse of 
1.0 ms. 



Incorporated on the 27C256 is Silicon Signature™. 
Silicon Signature contains encoded data which iden- 
tifies SEEQ as the EPROM manufacturer and gives 
the product code. This data is encoded in ROM to 
prevent erasure by ultraviolet light. 



Absolute Maximum Ratings 

Temperature 

Storage -65° C to +1 50° C 

Under Bias -10°Cto+80°C 

All Inputs or Outputs with 

Respect to Ground +7 Vto -0.6 V 

Vpp with Respect to Ground +14.0 V to -0.6 V 

Voltage on Ag with 

Respect to Ground +14.0 V to -0.6 V 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 





27C256-25, 27C256-30, 27C256-45 


27C256, 27C256-3, 27C256-4 


Vcc Supply VoltageHl 


5V±10% 


5 V ± 5% 


Temperature Range (Read Mode) 


otoyo'C 


Oto70°C 


Vpp During Readl2] 


Vcc 


Vcc 


Vpp During Programmingisi 


12.5 ± 0.3 V 


12.5 ± 0.3 V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


iVIin. 


Max. 


■in 


Input Leakage Current 




10 


HA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


Ipp 


Vpp Current Read Mode 




100 


HA 


Vpp = Vcc Max. 


Prog. Mode 




30 


mA 


Vpp = 12.5 V 


ICC1 


Vcc Standby Current 




100 


mA 


Cl > Vcc -1 V 


ICC2 


Vcc Standby Current 




1 


mA 


CE>ViH 


ICC3 


Vcc Active Current 




40 


mA 


CE = OE = ViL, 
f = 5MHz, lo = 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = --400 nA 



NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp cannot be left floating and should be connected to Vcc during read. 

3. 0.1 ixF ceramic capacitor on Vpp is required during programming only to suppress voltage transients. 
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AC Operating Characteristics During Read 



27C256 



Symbol 


Parameter 


Limits (nsec) 


Test 
Conditions 


27C256 
27C256-25 


27C256-3 
27C256-30 


27C256-4 
27C256-45 


MIn. 


Max. 


MIn. 


Max. 


MIn. 


Max. 


Tacc 


Address to Data Valid 




250 




300 




450 


CE = OE = ViL 


TCE 


Chip Enable to Data Valid 




250 




300 




450 


OE = ViL 


Toe 


Output Enable to Data Valid 




100 




120 




150 


CE = ViL 


Tdf 


Output Enable or Chip Enable 
to Output Floatisi 





60 





105 





130 


CE = V|L 


TOH 


Output Hold from Chip Enable, 
Addresses, or Output Enable 
whichever occurred first 

















CE = OE = ViL 



Capacitance^^ ^ 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


PF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



A.C. Test Conditions 

Output Load: 1 TTL gate and Cl - 100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



X 



51 



\ 



ADDRESSES 
VALID 



-Ice- 



\ 



-toEtSl- 



^ 



-*ACC- 



ZZK 



VALID OUTPUT 



'oh- 



-tDpISl- 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED TOJaCC -:_}pE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON Iacc- 

3. toF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 
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27C256 



Erasure Characteristics 

The 27C256 is erased using ultraviolet light which 
has a wavelength of 2537 Angstroms. The integrated 
dose, i.e., intensity x exposure time, for erasure is a 
minimum of 15 watt-second/ cm^. The EPROM 
should be placed within one inch of the lamp tube 
during erasure. Table 1 shows the typical EPROM 
erasure time for various light intensities. 

Table 1. Typical EPROM Erasure Time 



Light Intensity 
(IWIicro-Watts/cm2) 


Erasure Time 
(Minutes) 


15,000 


20 


10,000 


30 


5,000 


55 



Silicon Signature"* 

Incorporated in SEEQ's EPROMs is a row of mask 
programmed read only memory (ROM) cells which is 
outside of the normal memory cell array. The ROM 
contains the EPROM's Silicon Signature. Silicon Sig- 
nature contains data which identifies SEEQ as the 
manufacturer and gives the product code. This data 
allows programmers to match the programming 
specification against the product which Is to be pro- 
grammed. If there is verification, then the pro- 
grammer proceeds to program. 

Silicon Signature is activated by raising address Ag to 



12V ± 0.5V, bringing chip enable and output enable 
to a TTL low, having Vcc ^t 5V, and having all 
addresses except Aq at a TTL low. The Silicon Signa- 
ture data Is then accessed by toggling Aq. The data 
appears on outputs Oq to Og, with Oj used as an odd 
parity bit (see Table 2). 

Table 2. Silicon Signature Bytes 





Ao 


Data (Hex) 


SEEQ Code (Byte 0) 


ViL 


94 


Product Code (Byte 1) 


VlH 


C2 



Programming 

The 27C256 is programmed using the industry stand- 
ard intelligent algorithm. 

The intelligent algorithm requires Vqc = 6V and Vpp - 
12.5 V during byte programming. The initial program 
pulse width is 1.0 millisecond, followed by a sequence 
of 1.0 millisecond pulses. A byte is verified after each 
pulse. A single program pulse, with a time duration 
equal to 3 times the number of 1.0 millisecond pulses 
applied, is additionally given to the address after it is 
verified as being correctly programmed. A minimum of 
one to a maximum of 25 1-ms pulses, plus one 3X 
overpulse, may be applied to each byte. When the 
intelligent algorithm cycle has been completed, all 
bytes must be read at Vcc = ^pp = 5 1/. 
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Intelligent Algorithm Flowchart 












27C256 




START 








1 










f ADDR = FIRST LOCATION j 
f Vrr = 6.0V \ 






" 


^ Vpp = 12.5 V J 




1 






( «- ) 

I 

./program ONE 1 msec PULSEj 

\ 
( INCREMENT X j 




NoT 










FAIL 


^VERIFY ONE^'^ _y,>^ VEF 
BYTE ^^ > BY 


IFY^\, •=*"■ , 


DEVICE 
FAILED 








>> 


c 


PASS 




PASS 






PROGRAM ONE PULSE 
OF 3X msec DURATION 


^ 




J 






/V 




/' Nno 

1 ( INCREMENT ADDR Vi— -« 


^ last addr? ^ 
Jyes 


► 




^ Vcc = Vpp = S.OV^ 
\ 






^^MPARE^^ 


FAIL 


DEVICE 
FAILED 




^vjo original/ 






PASS 










DEVICE PASSED 




ciCkCkC 


r Technology, Incorpo 






<«J^OOu 


ratea 
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Intelligent Algorithm 



27C256 



X 



ADDRESS STAPLE 



'as_ 
'(2) 



< 



Vpp 
(4) 



/ 



/ 



DATA IN STABLE 



tos 
(2)- 



tvps 
' (2) 



tvcs_ 

(2) 



> 



V^ 



tpw 
(1.0 ms) 



lOPW 

(3nis) 



X 



\ 



< 



tOE 
(0.15)- 
MAX. 



DATA OUT VALID 

th 



> 



toFP 
(0.13) 
MAX. 



NOTES: 

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN /iSEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 0.8 V FOR A V|l AND 2 V FOR A V|H. 

3. toE AND tDFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 

4. 0.1 fiF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS. 
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270256 



Intelligent Algorithm 

AC Programming Characteristics Ta = 25 ± s'C, VccH ] = e.ov ± o.25V, Vpp = 12.5V 



Symbol 


Parameter 


Limits 




Unit 


IMin. 


Typ. 


iVIax. 


tAS 


Address Setup Time 


2 






juS 


tOES 


OE Setup Time 


2 






US 


tDS 


Data Setup Time 


2 






MS 


tAH 


Address Hoid Time 









MS 


tDH 


Data Hold Time 


2 






MS 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






MS 


tvcs 


Vcc Setup Time 


2 






MS 


tpw 


CE Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


tOPWl21 


CE Overprogram Pulse Width 


2.85 




78.75 


ms 


tOE 


Data Valid from OE 






150 


ns 



*AC Conditions of Test 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45 V to 2.4 V 

Input Timing Reference Level 0.8 V and 2.0 V 

Output Timing Reference Level 0.8 V and 2.0 V 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse w^ill vary from 2.85 
msec to 78.75 msec as a function of the iteration counter 
value X. 



Ordering and Package Information 



D Q 27C256 - XX 

T. 



SPEED: BLANK = 250 ns @ 5% Vcc 
XX = SPEED @ 10% Vcc 
X = SPEED @ 5»/. Vcc 

' GENERIC PART NUMBER 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



r-innr-if-ir-ir-ir-|[-||-ir-i|-ir-ir-| 




UUUUUUUUUUUUUU 

1.460 1 0.025 , 

' (37.08 ± 0.64) 



0.557 ± 0.042 
(14.15 ±1.07) 



0.160 ± 0.02 
(4.06 ± 0.50) 



w 



HH) 



i 



0.04 t 0.02 
(1.01 t 0.50) 



0.100 ± 0.010 
(2.54 t 0.25) 



m 



_ 0.610 ±0.01 _ 
(15.49 ±0.25) 



"" r*"l|"*" 0.125 MIN. 

0.018 ± 0.002 (3.17) 

(0.45 ± 0.05) 



0.055 ± 0.008 
(1.39 t 0.20) 



0.010 ±0.002 
(0.25 ± 0.05) 



0.660 ± 0.04 __ 
(16.76 ±1.01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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Features 

m 256K (32K x 8) EPROM 

■ 250 ns Access Times 

— 5V±10%Vcc 

— Oto 70° C Temperature Range 

■ Low Power 

— 40 mA Max. Vcc Standby Current 

— 70 mA Max. Active Current 

■ Programmed Using Intelligent Algorithm 

— 12.5 Vpp 

■ JEDEC Approved Bytewlde Pin 
Configuration 

m silicon Signature'" 



27256 

256K EPROM 



August 1985 



Description 

SEEQ's 27256 is a 256K ultraviolet light erasable 
EPROM. It Is organized as 32K x 8, operates from a 
single 5V supply, and programs using a 12.5V intelli- 
gent algorithm. The 27256's operating conditions are 
specified over the to 70 mA temperature range and 
at 5V+10% Vcc- The active power is only 70 mA, 
approximately 30% lower than NMOS 256K EPROMs. 
Consequently, memory system sizes can be in- 
creased with a substantial savings in power, resulting 
in lower power supply cost and inherently greater 
system reliability. For systems requiring even 
lower power, a 40 mA active and 100 fjA standby 
power CMOS 27C256 is available from SEEO. The 
27256's low active power is achieved without sacri- 
ficing performance. The access time is 200 nsec, 
making it compatible with most of today's microcom- 
puters. Wait states can be eliminated with the 200 
nsec access times. 



Block Diagram 



^ 



*o-A5 i y 



Mode Selection 



^ 



^ 



PINS 
MODE 


CE 

(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


ViL 


ViL 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


Vpp 


Vcc 


Din 


Program Verify 


V,H 


ViL 


Vpp 


Vcc 


DouT 


Program Inhibit 


VlH 


V|H 


Vpp 


Vcc 


HighZ 


Silicon Signature™* 


ViL 


ViL 


Vcc 


Vcc 


Encoded 
Data 



Pin Configuration 



Vppt 


1 


^ 23 




A.l; 


2 


27 




A.t 


3 


26 




A.^, 


4 


25 




Ast 


5 


24 




A.(; 


6 


23 




A3t 


7 


22 




A.(; 


8 


21 




A,|; 


9 


20 




Aol^ 


10 


19 




Oct; 


11 


18 




0,^ 


12 


17 




o.C 


13 


16 




GND^ 


14 


15 





Pin Names 



Ao - As 


ADDRESSES — COLUMN (LSB) 


Ae- Ai4 


ADDRESSES— ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



X can be either V|l or Vih. 

*For Silicon Signature'": Ac is toggled, Ag = 12 V, and all other addresses are at a TTL low. 
Silicon Signature'" is a registered trademark of SEEQ Technology. 
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27256 



An intelligent algorithm is used to program the 27256. 
Data is programmed using a 12.5V Vpp and an initial 
chip enable pulse of 1 msec. Initially, and after era- 
sure, all bits are in the "1" state. The typically program- 
ming time is under five minutes. Program- 
ming is available from commercial programmers and 
is compatible with other 256K EPROM intelligent 
algorithms. 



Incorporated on the 27256 is Silicon Signature™. Sili- 
con Signature contains encoded data which identi- 
fies SEEQ as the EPROM manufacturer and gives the 
product code. The product code is used by a program- 
mer to identify the programming algorithm for the 
27256. 



Absolute Maximum Ratings 

Temperature 

Storage -65° C to +1 50° C 

Under Bias -10°Cto+80°C 

All Inputs or Outputs with 

Respect to Ground +7 Vto -0.6 V 

Vpp with Respect to Ground +14.0 V to -0.6 V 

Voltage on Ag with 

Respect to Ground +14.0 V to -0.6 V 



'COMMENT: Stresses above ttiose listed under "Absolute 
Maximum Ratings" may cause permanent damage to ttie 
device. Ttiis is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 





27256-20, 27256-25, 27256-30 


27256, 27256-2, 27256-3 


Vcc Supply Voltagel^l 


5V±10% 


5 V ± 5% 


Temperature Range (Read Mode) 


0to70°C 


0to70°C 


Vpp During Read^^l 


Vcc 


Vcc 


Vpp During Programmingl^l 


12.5 ± 0.3 V 


12.5 ± 0.3 V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


iVIin. 


Max. 


llN 


Input Leakage Current 




10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VoUT = Vcc Max. 


IPP 


Vpp Current Read Mode 




100 


mA 


Vpp = Vcc Max. 


Prog. Mode 




30 


mA 


Vpp = 12.5 V 


Icoi 


Vcc Standby Current 




40 


mA 


CE>ViH 


ICC2 


Vcc Active Current 




70 


mA 


CE = OE = ViL, 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 mA 



NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp cannot be left floating and should be connected to Vcc during read. 

3. 0.1 nF ceramic capacitor on Vpp is required during programming only to suppress voltage transients. 
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AC Operating Characteristics During Read 



27256 



Symbol 


Parameter 


Limits (nsec) 


Test 
Conditions 


27C256 
27256-20 


27256 
27256-25 


27256-3 
27256-30 


IVIin. 


lUlax. 


lUlin. 


iVIax. 


IVIin. 


Max. 


Tacc 


Address to Data Valid 




250 




300 




450 


CE = OE = ViL 


TCE 


Chip Enable to Data Valid 




250 




300 




450 


OE = ViL 


Toe 


Output Enable to Data Valid 




100 




120 




150 


CE = ViL 


Tdf 


Output Enable or Chip Enable 
to Output Floatl3| 





60 





105 





130 


CE = ViL 


Tqh 


Output Hold from Chip Enable, 
Addresses, or Output Enable 
whichever occurred first 

















CE = OE = ViL 



Capacitance^^ ^ 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


PF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VouT = ov 



A.C. Test Conditions 

Output Load: 1 TTL gate and Ci= 100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4\/ 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



X 



ADDRESSES 
VALID 



\ 



-Ice- 



\ 



-IOEt2J- 



^ 



-'acc- 



ZZK 



VALID OUTPUT 



•oh ■ 



-tDpra- 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED TOJacc -^OE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON Iacc- 

3. toF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 



eeeQ 



Technology, Incorporated 



1-17 



27256 



Erasure Characteristics 

The 27256 is erased using ultraviolet light which has 
a wavelength of 2537 Angstroms. The integrated 
dose, i.e., intensity x exposure time, for erasure is a 
minimum of 15 watt-second /cm^. The EPROM should 
be placed within one inch of the lamp tube during 
erasure. Table 1 shows the typical EPROM erasure 
time for various light intensities. 
Table 1 . Typical EPROM Erasure Time 



Light Intensity 
(IVIicro-Watts/cm2) 


Erasure Time 
(Minutes) 


15,000 


20 


10,000 


30 


5,000 


55 



Silicon Signature^" 

Incorporated in SEEQ's EPROMs is a row of mask 
programmed read only memory (ROM) cells which is 
outside of the normal memory cell array. The ROM 
contains the EPROM's Silicon Signature. Silicon Sig- 
nature contains data which identifies SEEQ as the 
manufacturer and gives the product code. This data 
allows programmers to match the programming 
specification against the product which is to be pro- 
grammed. If there is verification, then the pro- 
grammer proceeds to program. 

Silicon Signature is activated by raising address Ag to 



12V ± 0.5V, bringing chip enable and output enable 
to a TTL low, having Vcc a' 5V, and having all 
addresses except Aq at a TTL low. The Silicon Signa- 
ture data is then accessed by toggling Aq. The data 
appears on outputs Oq to Oq, with Oj used as an odd 
parity bit (see Table 2). 

Table 2. Silicon Signature Bytes 





Ao 


Data (Hex) 


SEEQ Code (Byte 0) 


ViL 


94 


Product Code (Byte 1) 


VlH 


C2 



Programming 

The 27256 is programmed using the industry standard 
intelligent algorithm. 

The intelligent algorithm requires Vqc = 6 V and Vpp = 
12.5 V during byte programming. The initial program 
pulse width is 1.0 millisecond, followed by a sequence 
of 1.0 millisecond pulses. A byte is verified after each 
pulse. A single program pulse, with a time duration 
equal to 3 times the number of 1.0 millisecond pulses 
applied, is additionally given to the address after it is 
verified as being correctly programmed. A minimum of 
one to a maximum of 25 1-ms pulses, plus one 3X 
overpulse, may be applied to each byte. When the 
intelligent algorithm cycle has been completed, all 
bytes must be read at Vcc = Vpp = 5 V. 
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Intelligent Algorithm Flowchart 



27256 
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Intelligent Algorithm 



27256 



Vpp 
(4) 



X 



ADDRESS STABLE' 



•as_ 

(2) 



< 



/ 



/ 



DATA IN STABLE 



Ids 

(2)- 



tvps 

"(2) 



_tvcs_ 

(2) 



> 



tDH 
(2) 



V^ 



tpw 
(1.0 ms) 



tOPW 

(3 ms) 



X 



tOES„ 
" (2) " 



\ 



< 



tOE 
(0.15)- 
MAX. 



DATA OUT VAL IE 

))- 



toFP 
(0.13) 
MAX. 



NOTES: 

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN fiSEC UNLESS OTHERWISE SPECIFIED- 

2. THE INPUT TIMING REFERENCE LEVEL IS 0.6 V FOR A V|L AND 2 V FOR A V|h. 

3.I0E AND toFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 

4. 0.1 lif CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS. 
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27256 



Intelligent Algorithm 

AC Programming Characteristics Ta = 25 ± 5°c, VccI''] = e.ov ± o.25V, Vpp = 12.5V 



Symbol 


Parameter 


Limits 




Unit 


IVIin. 


Typ, 


IVIax. 


tAS 


Address Setup Time 


2 






MS 


tOES 


OE Setup Time 


2 






MS 


tDS 


Data Setup Time 


2 






MS 


tAH 


Address Hold Time 









MS 


tOH 


Data Hold Time 


2 






MS 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






AiS 


tvcs 


Vcc Setup Time 


2 






MS 


tpw 


CE Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


topwi^l 


CE Overprogram Pulse Width 


2.85 




78.75 


ms 


tOE 


Data Valid from OE 






150 


ns 



*AC Conditions of Test 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45 V to 2.4 V 

Input Timing Reference Level 0.8 V and 2.0 V 

Output Timing Reference Level 0.8 V and 2.0 V 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse m\\ vary from 2.85 
msec to 78.75 msec as a function of the Iteration counter 
value X. 



Ordering and Package Information 



DQ 27256 -XX 



SPEED: BLANK = 250 ns @ 5% Vcc 
XX = SPEED @ 10% Vcc 
X = SPEED @ 5% Vcc 

' GENERIC PART NUMBER 



PACKAGE TYPE 
D = CERDIP 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



|-inr-ir-ir-ir-ir-if-i[-ii-ir-ir-ir-ir-i 




(• 0.557 ± 0.042 
S (14.15+1.07) 



uuuuuuuuuuuuuu 

1.460 ± 0.025 0.160 ± 0.O2 

' (37.08 ± 0.64) (4.06 t 0,50) 



0.610 ±0.01 _ 
"(15.49 ±0.25) 






0.04 t 0.02 
(1.01 ± 0.50) 



0.100 : 
(2.54 : 



0.010 
0.25) 



r 



mp- 



0.055 ± 0.008 
(1.39 ±0.20) 



r"ll 0.125 MIN. 

0.018 t 0.002 (3.17) 

(0.45 + 0.05) 



0.010 ± 0.002 
(0.25 ± 0.05) 



_ 0.660 ± 0.04 ^ 
(16.76 t 1 01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 



I— seeQ 



Technology, Incorporated ' 



1-21 



SECTION 2 



E^'ROMS 

(Electrically Erasable Programmable Read Only Memories) 



E^ROM CROSS REFERENCE GUIDE 





Features 














Access 


Write 


Endurance 














Time 


Time 


Higher 












Latches 


Faster 


Faster 


Than 


Nearest 




21 Volt 


5 Volt 


Latches 


and 


Than 


Than 


10,000 


SEEQ 


Device Type 


Operation 


Operation 


Only 


Timers 


350 ns 


10 ms 


Cycles 


Equivalent 


Intel 2816 


X 














DQ52B13 


Intel 281 6A 




X 












DQ52B13 


Intel 2817[1] 


X 






X 








DQ2817A 


Intel 2817A[1] 




X 




X 


X 






DQ2817A 


National 2816 


X 














DQ2816A 


National 281 6A 




X 




X 








DQ2816A 


Xicor 281 6A 


X 


X 




X 








DQ2816A 


Xicor 2864 




X 




X 








DQ2864 


AMD 9864 




X 




X 


X 






DQ2864 


SEEQ 52B13 


X 


X 


X 




X 








SEEQ 281 6A 


X 


X 




X 


X 


X 






SEEQ 281 7 A 




X 




X 


X 


X 






SEEQ 551 6A 


X 


X 




X 


X 


X 


X 




SEEQ 551 7A 




X 




X 


X 


X 


X 




SEEQ 52B33 




X 


X 




X 


X 






SEEQ 2864 




X 




X 


X 


X 







Note: 



1. The 2817 and 281 7A are supplied in a 28-pin package. All other 16K E^ROMs are in a 24-pin package. 
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SEEQ's E'ROM Family 
Configuration 



SEEQ's 28XXX family 



2816A/5516A 




2817A/5517A 



2864/28C64 



28C256 



RDV/BUSYl^ 


—^'-i: 


Net 


1 i' 


A'C 


3 3t 


Ael, 


' " 


Asi; 


5 24 


A,t 


6 23 


A3I; 


' " 


AjC 


8 21 


*'G 


9 20 


AoC 


10 19 


l/OiC 


11 IS 


1/02 1 


12 17 


I/Oat 


13 16 


GNDi; 


H 15 



WE 

N/C 

As 

As 

NC 

OE 

A10 

|CE 

jl/Os 

II/O7 

I'/Oe 

jl/Os 

II/O4 




BDY/BUSY(; 


1 " "^-^b" 


A,2i; 




A'l; 




Ael. 


« 25 


A5I; 


5 24 


AtQ 


6 23 


A3I; 


7 22 


A2I; 


e 21 


AiC 


9 20 


AoC 


10 19 


1/0,1; 


11 ID 


I/O2I; 


12 17 


I/Oat 


13 16 


GNO( 


14 15 



WE 
N/C 



OE 

A^o 

CE 

l/Os 

I/O7 

l/Oe 

I/O5 

I/O4 






Al4|; 




L/ 


n 


ivcc 






Ai 


^;. 






" 


J WE 






A 


c; 






26 


5ai3 






Aet 






25 


5 As 






A 


.t; 






24 


5A9 






A 


1; 






23 


Jau 






A 


(. 






22 


JOE 






A 


t 






21 


J A10 






A 


1; 






20 


ScE 






Aot 


10 




19 


Jl/Os 






I/O 


t 


11 




19 


JI/O7 






I/O 


t 


'J 




1' 


Jl/Oe 






I/O 


;: 


13 




16 


Jl/Os 






GNC 


1. 


14 




15 


JI/O4 
















INDEX 




1^ 


IIU 




U 


^ 


J ij CORNER 






Id 


> 


z 


< 


.!ni-^ 


( 




/Nl 


N 


IN 


"^ 


M 


1M ^ 




Ae 


nu 






,. 




[U 


Ae 


As 


m 










CE 


As 


A„ 


m 










Q 


A4 


NC 


Wi 










HL 


A3 


OE 


zm 










Q 


As 


A10 


isM] 










Dfil 


A, 


CE 


Jm 










ns 


Ao 


I/O, 


£ 










03 


NC 


I/O7 


Wi 










m 


I/O1 




\ il 


J" 


1J"L 


^ 


J"L 


rU'L^ 






<? 


n 


' <? 


u 


a 
z 
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SEEQ's E^OM Family 
Configuration 



^ 



SEEQ's E^ROM family conforms to JEDEC's byte-width pin configuration in botli dual-in-line and LCC 
packages. This allows upgrades from 16K to 256K densities. It should be noted that pin 1 is an optional pin 
(up to the 256K) used for various E^ROM features such as ready/busy and chip clear. 

JEDEC Pin Configuration 



DUAL-IN-LINE 




16K to 256K 
(28 pins) 



OPTIONALl^ 


-A 

1 


^ 23 




A.t 


2 


27 




*'t 


3 


26 




A.t 


4 


25 




Ast 


5 


24 




A.t 


6 


23 




A3t 


7 


22 




A.t 


8 


21 




*'t 


9 


20 




Act 


10 


19 




Oct 


11 


18 




°'t 


12 


17 




o.t 


13 


16 




GND^ 


14 


15 





LCC 
Up to 256K 




DUAL-IN-LINE 



Denslty^^^ 


1 


26 


64K 


Optional 


NO 


256K 


A14 


A13 


LCC 


^^^Plns 
Denslty^^^ 


2 


30 


64K 


Optional 


NC 


256K 


A14 


A13 



SEEQ'S 52BXX famiiy 



52B13 
16K 



52B33 
64K 



A,|; 


1 ^ 


■^ 2. 




Aet 


2 


23 




Asi; 


3 


22 




A4^ 


4 


21 




A3(; 


5 


20 




A.(; 


6 


19 




A,|; 


7 


18 




Ao^ 


8 


17 




l/Oi^ 


9 


16 




l/Oa^ 


10 


15 




1/03^ 


11 


14 


P 


GNDf 


12 


13 











ccljj 


\ 

1 


■^ 28 




A.t 


2 


27 




*'t 


3 


26 




Ael, 


4 


25 




Ast 


5 


24 




A.t 


6 


23 




AaC 


7 


22 




A.t 


8 


21 




A,[; 


9 


20 




Act 


10 


19 




o„t 


11 


18 




°'t 


12 


17 




o.t 


13 


16 




GND^ 


14 


15 
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2816A/5516A 

Timer E2 
16K Electrical Erasable ROMs 



Features 

■ High Endurance Write Cycles 

— 5516A: 1,000,000 Cycles/Byte 

— 2816A: 10,000 Cycles/Byte 

■ On-ChIp Timer 

— Automatic Erase and Write Time Out 

— 2 ms Byte Write Time (2816AH) 

■ All Inputs Latched by Write or Chip Enable 

■ Direct Replacement to2Kx8 E^ROMs 

— 21 V2816 

— 5VTImer2816A 

m5V± 10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 250 ns max. Access Time 

■ Low Power Operation 

— 110 mA max. Active Current 

— 40 mA max. Standby Current 

■ JED EC Approved Byte-Wide PInout 



Block Diagram 



February 1984 



Description 

SEEQ's 5516A and 281 6A are 5 V only, 2Kx8 electri- 
cally erasable read only memories (E^ROMs). E^ROMs 
are Ideal for applications which require non-volatility 
and In-system data modification. The endurance, the 
number of times that a byte may be written. Is 1 million 
for the 5516A and 10 thousand for the 2816A. The 
5516A's extraordinary high endurance was accomp- 
lished using SEEQ's proprietary oxynitride E^ROIVI 
process and its innovative "Q celF"" design. The 5516A 
is ideal for systems that require frequent updates. 

Both E^ROI^s have an Internal timer that automati- 
cally times out the write time. A separate erase cycle Is 
not required and the minimum write enable (WE) pulse 
width needs to be only 150 ns. The on-chip timer, 
along with the inputs being latched by a write or chip 
enable signal edge, frees the microcomputer system 
for other tasks during the write time. The standard 
281 6 A and 5516A's write time is 10 ms. while the 

(continued on next page) 



Pin Configuration 



As-oizzD 



■^ 



COLUMN 
ADDRESS 
LATCHES 



ROW 
ADDRESS 
LATCHES 




COLUMN 
ADDRESS 
DECODE 



^ 



ROW 
ADDRESS 
DECODE 



Iz 



MEMORY 
ARRAY 




A.t 


1 ^ 


J 

24 




Ast 


2 


23 




Asi; 


3 


22 




A.(; 


4 


21 




A3i; 


5 


20 




A.[; 


6 


19 




A,i; 


7 


18 




Ao^ 


8 


17 




l/O,^ 


9 


16 




l/02^ 


10 


15 




I/O3I;; 


11 


14 




gndF 


12 


13 











Pin Names 



Ao-Aio 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR 
ERASE) 
DATA OUTPUT (READ) 
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2816A/5516A 



2816AH's write time is a fast 2 ms. Once a byte is 
written, it can be read in 250 ns. Tlie inputs are TTL for 
botti ttie byte write and read mode. 

Tliese two timer E^ROf^s are ideal for systems witii 
limited board area. For systems where cost is impor- 
tant or fiigtier density is required, SEEQ fias a latch 
only "52B" family at 16K, 32K, and 64K bit densities. 
The "52B" family has the same JEDEC approved pin 
configuration but without the on-chip timer. All "52B" 
family inputs are latched by the falling edge of the 
write enable signal. 

Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL inputs are 
required. To write into a particularjocation, a TTL low 
is applied to the write enable (WE) pin of a selected 
(CE_low) device. This, combined with output enable 
(OE) being high, initiates a write cycle. During a byte 
write cycle, addresses are latched on the last falling 
edge of CEor WE and data is latched on the first rising 
edge of CE or WE. An internal timer times out the 
required byte write time. An automatic byte erase is 
performed internally in the byte write mode. 

The chip erase mode clears all data to a TTL high in 
one 9 ms cycle. This is accomplished by raising both 
WE and OEtoa high voltage (e.g. 21 V) and having all 



the data inputs at a TTL high. In addition an optional 
21 V byte write (preceded by a byte erase) mode is 
available. 

Mode Seiection (Table d 



Mode 


CE 


OE 


WE 


I/O 


Read 


ViL 


ViL 


VlH 


DOUT 


Standby 


VlH 


X 


X 


HighZ 


Byte Write 


ViL 


VlH 


ViL* 


Din 


Write or Read 
Inhibit 


ViL 


VlH 


VlH 


HighZ 


Chip Erase 


ViL 


Ver 


Ver 


VlH 



*A 21 V input on WE is an optional mode. 

Power Up/Down Considerations 

The 2816A/5516A has internal circuitry to minimize a 
false write during system Vcc power up or down. This 
circuitry prevents writing under any one of the follow- 
ing conditions. 

1- Vcc is less than 3 V. 

2. A negative Write Enable (WE) transition has not 
occurred when Vcc is between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in a 
logical state other than that specified for a byte write in 
the fJlode Selection table. 



Absoiute iViaximum Stress Ratings* 

Temperature 

Storage -65°C to +150°C 

Under Bias -10°C to +80°C 

All Inputs or Outputs with 

Respect to Ground +6V to -0.3V 

We During Writing/Erasing with 

Respect to Ground +22.5V to -0.3V 

Duration of WE Supply at 22V 

During W/E Inhibit 24 Hours 

DC Operating Ctiaracteristics ta = o to 7o°c, vcc = 5 



'COMMENT: Stresses above tttose listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to ttie device. This is 
a stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



V ±10%, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


IVIin. 


IVIax. 


Ice 


Active Vcc Current 




110 


mA 


CE = OE = Vil; All I/O Open; 
Other Inputs = 5.5 V 


ISB 


Standby Vcc Current 




40 


mA 


CE = ViH, OE = Vil;AIII/0's 
Open; Other Inputs = 5.5 V 


Ili 


Input Leakage Current 




10 


mA 


ViN = 5.5 V 


Ilo 


Output Leakage Current 




10 


mA 


VouT = 5.5 V 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


6 


V 




Vol 


Output Low Voltage 




0.4 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -400 fxA 


Ver 


OE and WE Voltage in Chip Erase Mode 


12 


22 


V 


Ier = 10 mA 
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2816A/5516A 



AC Characteristics 

Read Operation Ta = O to 70° C, Vcc = 5 V ± 10%, unless otherwise noted 



Symbol 


Parameter 


Limits (ns) 




5516A-250 
2816A/2816AH-250 


5516A-300 
2816A/2816AH-300 


2816A-350 


iVIin. 


■Max. 


Min. 


iVIax. 


IMin. 


iVIax. 


Units 


tRC 


Read Cycle Time 


250 




300 




350 




ns 


tCE 


Chip Enable Access Time 




250 




300 




350 


ns 


tAA 


Address Access Time 




250 




300 




350 


ns 


tOE 


Output Enable Access Time 




90 




100 




100 


ns 


tLZ 


CE to Output in Low Z 


10 




10 




10 




ns 


tHZ 


CE to Output in High Z 


10 


100 


10 


100 


10 


100 


ns 


tOLZ 


OE to Output in Low Z 


50 




50 




50 




ns 


tOHZ 


OE to Output in High Z 


10 


100 


10 


100 


10 


100 


ns 


tOH 


Output Hold from Address Change 


50 




50 




50 




ns 


tPU 


CE to Power-up Time 

















ns 


tPD 


CE to Power Down Time 




50 




50 




50 


ns 



Capacitance T A = 25° c, t = 1 mhz 



Symboi 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/0 = V 



READ CYCLE TIMING 



•3: 



-tRC- 



^. 



V|H 



\ 



-«0E- 



A.C. Test Conditions 

Output Load: 1 TTL gate and Cl == 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 Vand2V 

Outputs 0.8 Vand2V 



1 



1 



I 



I 



-'OHZ- 



■^•OLZ-* 



-tLZ- 



SUPPLY 
CURRENT >S 



/ 



-'oh- 



o: 



-•hz- 



:c3: 



-•aa- 



'cc 



J 
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2816A/5516A 



AC Characteristics 

TTL WRITE CYCLE Ta = to TCC, Vcc = 5 V ± 10% unless otherwise noted 



Symbol 


Parameter 


Limits (ns) 


Units 


5516A-250 
2816A/2816AH-250 


5516A-300 
2816A/2816AH*300 


2816A-3S0 


Min. 


Max. 


MIn. 


Max. 


MIn. 


Max. 


Q 


Maximum Number of 5516A 


1,000,000 




1,000,000 




— 




Cycles 


Write Cycles/Byte 281 6A, 281 6AH 


10,000 




10,000 




10,000 




twc 


281 6AH 


2 




2 




— 




ms 


Wiite Cycle Time 5516A/2816A 


10 




10 




10 




tAS 


Address Set Up Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


50 




70 




70 




ns 


tcs 


Write Set Up Time 

















ns 


tCH 


Write Hold Time 

















ns 


tew 


CE to End of Write Input 


150 




150 




150 




ns 


tOES 


OE Set Up Time 


10 




10 




10 




ns 


tOEH 


OE Hold Time 


10 




10 




10 




ns 


twpin 


WE Write Pulse Width 


150 




150 




150 




ns 


tDL 


Data Latch Time 


50 




50 




50 




ns 


tDvl21 


Data Valid Time 




1 




1 




1 


MS 


tDS 


Data Set Up Time 


20 




50 




50 




ns 


tDH 


Data Hold Time 


20 




20 




20 




ns 



Notes: 

1 , WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 

2. Data must be valid within 1 /is maximum after the initiation of a write cycle. 



TTL Byte Write Cycle 

WE CONTROLLED WRITE CYCLE 

'wc- 



CE CONTROLLED WRITE CYCLE 



a: 



1 



7 



'OES- 



I 



r 



-tAH 



-tcs 



\^u^V^^ 



1 



^seeQ 



-t[jv 



*• — tcH 

j: il 1 



^^D 



-tOEH 



— toL- 



-tos- 



►-tDH 



:c=> 



■X 



-^Ias- 



\, J'^C 



•■J 



■^IqES-* 
tcs — - 



-Iah-H 
tew- 



I 



): 



»DL-H 



-lOEH 



\ 



— Ich 

t 



-Iqs— » 



I 



t: 






\ 
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2816A/5516A 



AC Characteristics 

21 V Optional Erase or Write Cycle 

(All times shown in parentheses are in ns and are minimum value, unless otherwise noted.) 



21 V BYTE ERASE OR BYTE WRITE TIMING 



21 V CHIP ERASE CYCLE 





Ordering Information 



Package Diagram 



D Q 5516A- 250 
Q 281 6A- 250 
D Q 281 6A H -250 



ACCESS TIME (ns) 

H: HIGH SPEED BYTE WRITE 
GENERIC PART NUMBER 
TEMPERATURE RANGE; 0° TO 70° C 
PACKAGE: CERDIP 



24-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



nnni-ii-ii-innnf-innnn 



C 0.530 ± 0.02 
'«(13.46 ± 0.50) 



uuuuuuuuuuuuuu 

1.260 ± 0.025 
' (32.00 ± 0.64) ' 



0.160 ± 0.02 0.610 ± 0.01 

(4.06 ± 0.50) -^(15.49 ± 0.25)" 




TT 



u 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.055 ± 0.008 
(1.39 ± 0.20) 



I*" HI* 0.125 MIN I 

0.018 ± 0.002 (3.17) 0.660 ± 0.04 

(0.45 ± 0.05) I' (16.76 ± 1.01)""! 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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2817A/5517A 

Timer E2 
16K Electrical Erasable ROMs 



July 1984 



Features 

■ Ready/Busy Line for End-of-Wrlte 

■ High Endurance Write Cycles 

— 5517A: 1,000,000 Cycles/Byte 

— 2817A: 10,000 Cycles/Byte 

■ On-ChIp Timer 

— Automatic Byte Erase Before Byte Write 

— 2 ms Byte Write Time (2817AH/5517AH) 

■ All Inputs Latched by Write or Chip Enable 

■ Direct Replacement for 28 Pin 2Kx8 
E2R0MS 

— 21 V2817 

— 5 V Timer 2817A 

■ 5 / ± 10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 200 ns max. Access Time 

■ 10 Year Data Retention for Each Write 

■ JEDEC Approved Byte-Wide PInout 

Description 

SEEQ's 5517A and 2817 A are 5 V only, 2Kx8 electri- 
cally erasable read only memories (E^ROMs). They 
are packaged in a 28 pin package and have a ready/ 
busy pin. These E^ROMs are ideal for applications 
which require non-volatility and in-system data modi- 



fication. The endurance, the number of times which a 
byte may be written, is 1 million for the 551 7 A and 10 
thousand for the 2817 A. The 5517 A's extraordinary 
high endurance was accomplished using SEEQ's 
proprietary oxy nitride E^ROhA process and its innova- 
tive "Q cell" design. The5517A is ideal for systems that 
require frequent updates and/or high reliability. Sys- 
tem reliability is enhanced greatly over lower specified 
endurance E^ROI^/ls while still maintaining 10 year 
data retention. 

Both E^ROMs have an internal timer that automati- 
cally times out the write time. The on-chip timer, along 
with the input latches, frees the microcomputer sys- 
tem for other tasks during the write time. The standard 
5517A/2817A's write time is 10 ms, while the 
5517AH/2816AH's write time is a fast 2 ms. An auto- 
matic byte erase is performed before a byte operation 
is started. Once a byte has been written, the ready/ 
busy pin signals the microprocessor that it is available 
for either a write or read mode. A byte may be read in 
200 ns. The inputs are TTL for both the byte write and 
read mode. 

These two timer E^ROMs are ideal for systems with 
limited board area. For systems where cost is impor- 
tant or higher density is required, SEEQ has a latch 
only "52B" family at 16K and 64K bit densities. All 
"528" family inputs, except for write enable, are 
latched by the falling edge of the write enable signal. 



BlocIf Diagram 



Pin Configuration Pin Names 



COLUMN 
ADDRESS 
LATCHES 




RDY/^ 


< 


J 




28 


NCi; 


2 


27 


A.^ 


3 


26 


Ae^ 


4 


25 


Aat 


S 


24 


A^t 


6 


23 


*3t 


7 


22 


A.(; 


8 


21 


A,i; 


9 


20 


Aot 


10 


19 


i/oii; 


11 


18 


I/02I; 


12 


17 


i/osi; 


13 


16 


GND^ 


14 


IS 



CE 

A10 
CE 
l/Oe 
I/O7 
l/Oe 
1/O5 
1/O4 



AO-A10 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT 
(WRITE OR 
ERASE) 

DATA OUTPUT 
(READ) 


RDY/ 
BUSY 


DEVICE READY/ 
BUSY 


NC 


NO CONNECT 
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2817A/5517A 

PRELIMINARY DATA SHEET 



automatic byte erase is performed before a byte 
operation Is started. Once a byte lias been written, 
the ready/busy pin signals the microprocessor that it 
Is available for another write or a read cycle. All 
Inputs are TTL for both the byte write and read 
mode. Data retention Is specified for ten years. 

Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL Inputs are 
required. To write Into a particular location, a TTL 
low is applied to the write enable (WE) pin of a 
selected (CE low) device. This, combined with out- 
put enable (OE) being high, initiates a write cycle. 
During a byte write cycle, addresses are latched on 
either the falling edge of CE or WE, whichever one 
occurred last. Data is latched on the rising edge of 
CE or WE, whichever one occured first. The byte is 
automatically erased before data is writ ten. Wh ile the 
write operation Is in progress, the RDY/BUSY output 
is at a TTL low. An internal timer times out the 
required byte write time an d at th e end of this time, 
the devic e signa ls the RDY/BUSY pin to a TTL high. 
The RDY/BUSY pin Is an open drain output and a 
typical 3K CI pull-up resistor to Vcc is required. The 
pull-up resistor valu e is de pendent on the number of 
OR-tied 2817 A RDY/BUSY pins. 



Mode Selection (labie d 



Mode/Pin 


CE 


OE 


WE 


I/O 


RDY/BUSY 


Read 


ViL 


ViL 


VlH 


DoUT 


High Z 


Standby 


VlH 


X 


X 


High Z 


High Z 


Byte Write 


ViL 


VlH 


ViL 


Din 


Vol 


Write or Read 
Inhibit 


ViL 


VlH 


VlH 


High Z 


High Z 


Cliip Erase 


ViL 


Ver 


Ver 


VlH 


High Z 



Power Up/Down Considerations 

The 2817 A/5517 A has internal circuitry to minimize a 
false write during system Vqc power up or down. 
This circuitry prevents writing under any one of the 
following conditions. 

1. Vcc is less than 3 V. 

2. A negative Write Enable (WE) transition has not 
occurred with Vcc is between 3 V and 5 V. 

Writing will also be prevented if CE or ^ are in TTL 
logical states other than that specified for a byte 
write In the Mode Selection table. 

Absolute Maximum Stress Ratings* 

, Temperature 

Storage -65°C to +150°C 

Under Bias -10°C to +80°C 

All Inputs or Outputs with 

Respect to Ground +6V to -0.3V 

WE During Writing/Erasing with 

Respect to Ground +22.5V to -0.3V 

Duration of WE Supply at 22V 

During W/E Inhibit 24 hours 

'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 





2817A-200/-250/-300 
2817AH-200/-250/-300 


5517A-200/-250/-300 
5517AH-200/-250/-300 


2817A-30 


Vcc Supply Voltage 


5 V ± 10% 


5 V ± 10% 


5 V ± 5% 


Temperature Range 


O'C to+TO'C 


O'-C to +70° C 


0°C to +70° C 


Q (Maximum Endurance)!^] 


10,000 cycles/byte 


1 ,000,000 cycles/byte 


10,000 cycles/byte 
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D.C. Operating Characteristics (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


Min. 


Max. 


Ice 


Active Vcc Current 
(Includes Write Operation) 




110 


mA 


^= (51= Vil; All I/O Open; 
Other Inputs = 5.5 V 


ISB 


Standby Vcc Current 




40 


mA 


CE = ViH, OE = Viu;AII I/O 
Open; Other Inputs = 5.5 V 


ILI 


Input Leakage Current 




10 


mA 


ViN = 5.5 V 


Ilo 


Output Leakage Current 




10 


mA 


VouT = 5.5 V 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.4 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 ixA 


Ver 


OE and WE Voltage in 
Chip Erase Mode 


12 


22 


V 


lER = 10/xA 



A.C. Characteristics 

Read Operation (Over tlie operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


Test Conditions 


5517AH-200 
2817AH-200 
5517A-200 
2817A-200 


5517AH-250 
2817AH-2S0 
5517A-250 
2817A-250 


5517AH-300 
2817AH-300 
5517A-300 
2817A-300 


2817A-35 


IVIin. 


■Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tRC 


Read Cycle Time 


200 




250 




300 




350 




ns 


CE=OE=Vil 


tCE 


Chip Enable Access Time 




200 




250 




300 




350 


ns 


5e = Vil 


tAA 


Address Access Time 




200 




250 




300 




350 


ns 


CE=OE=ViL 


tOE 


Output Enable Access Time 




75 




90 




100 




100 


ns 


5e = Vil 


tDF 


Output Enable High 
to Output Not being 
Driven 





60 





60 





60 





80 


ns 


CE = Vil 


tOH 


Output Hold from Address 
Change, Chip Enable, or 
Output Enable whichever 
occurs first 






















ns 


CE or OE = ViL 



Read Cycle Timing 



ADDRESSES 
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Capacitance Ta = 25° c; f = i mhz 



Symbol 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/0 = V 



A.C. Test Conditions 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 V and2V 

Outputs 0.8 V and 2 V 



A.C. Characteristics 

Write Cycle (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


5517AH-200 
2817AH-200 
5517A-200 
2817A-200 


5517AH-250 
2817AH-250 
5517A-250 
2817A-250 


5517AH-300 
2817AH-300 
5517A-300 
2817A-300 


2817A-35 


iVIIn. 


■Max. 


IVIIn. 


Max. 


Min. 


Max. 


Min. 


Max. 


tAS 


Address to Write 
Set Up Time 


10 




10 




10 




10 




ns 


tcs 


CE to Write Set Up Time 


10 




10 




10 




10 




ns 


twplU 


WE Write Pulse Widtli 


100 




100 




100 




100 




ns 


tAH 


Address Hold Time 


50 




50 




50 




70 




ns 


tDS 


Data Set Up Time 


20 




20 




50 




50 




ns 


tDH 


Data Hold Time 


20 




20 




20 




20 




ns 


tCH 


CE Hold Time 






















ns 


tOES 


OE Set Up Time 


10 




10 




10 




10 




ns 


tOEH 


OE Hold Time 


10 




10 




10 




10 




ns 


tDL 


Data Latcli Time 


50 




50 




50 




50 




ns 


tDvl2| 


Data Valid Time 




1 




1 




1 




1 


1X5 


tDB 


Time to Device Busy 




120 




120 




120 




120 


ns 



Notes: 

1 . WE Is noise protected. Less than a 20 ns 

2. Data must be valid within 1 /us maximum 



write pulse will not activate a write cycle, 
after the initiation of a write cycle. 



A.C. Ciiaracteristics 

Write Cycle (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


551 7 AH 


551 7 A 


281 6 AH 


281 7 A 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


twc 


Byte Write Cycle Time 




2 




10 




2 




10 


ms 
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Write Cycle Timing 



RDY/BUSY 



tOES- 



I 



) 



V 



tcs 



-tAS- 



tOEH- 



tAH 



( 



tDV-» 



tDS 



c 



\ 



-tCH- 



tDL- 



,rT f 



-tDL- 



'if^\ / 



tDH 



> 



-tDB- 



U^ 



-iwc- 
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2864/2864H 

Timer E^ 
64K Electrically Erasable ROMs 



PRELIMINARY 



August 1985 



Features 

■ Ready/Busy Pin 

■ High Endurance Write Cycles 

— 10,000 Cycles/Byte 

■ On-ChIp Timer 

— Automatic Byte Erase Before Byte Write 

— 2 ms Byte Write (2864H) 

■ 5 V±10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 250 ns max. Access Time 

Description 

SEEQ's 2864 is a 5 V only, 8K x 8 NMOS electrically 
erasable read only memory (E^ROM). It is packaged 
In a 28 pin package and has a ready/busy pin. This 
E^ROM is ideal for applications which require non- 
volatility and in-system data modification. The 
endurance, the number of times which a byte may 
be written, is 10 thousand cycles. 



The E2R0M has an internal timer that automatically 
times out the write time. The on-chip timer, along 
with the input latches, frees the microcomputer 
system for tasks during the write time. The 
standard byte write cycle time is 10 ms. For systems 
requiring faster byte write, a 2864H is specified at 2 
ms. An automatic byte erase is performed before a 
byte operation is started. Once a byte has been 
written, the ready/busy pin signals the micropro- 
cessor that it is available for another write or a read 
cycle. All inputs are TTL for both the byte write and 
read mode. Data retention is specified for ten years. 

These two timer E^ROMs are ideal for systems with 
limited board area. For systems where cost is impor- 
tant, SEEQ has a latch only "52B" family at 16K and 
64K bit densities. All "52B" family inputs, except for 
write enable, are latched by the falling edge of the 
write enable signal. 



Block Diagram 



Pin Configuration 



DUAL-IN-LINE 
TOP VIEW 




RDY/BUSY(; 


■-V/— ;; 


A,2l. 


2 21 


A't 


3 26 


Act 


> 25 


Asl, 


5 2> 


A,i; 


6 23 


A3I; 


7 22 


A2t 


8 21 


AiC 


9 20 


Aoi; 




l/Oit 




I/Oat 


1! 17 


•/Oat 


13 16 


GNDt 





V£C 

WE 

N/C 

As 

A9 

An 

OE 

A20 

CE 

I/Ob 

I/O7 

l/Oe 

I/O5 

I/O4 



Pin Names 



Ao-4 


ADDRESSES - COLUMN (LOWER ORDER BITS) 


A5-12 


ADDRESSES — ROW 


5e 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR ERASE), DATA OUTPUT 
(READ) 


RDY/BUSY 


DEVICE READY/BUSY 


N/C 


NO CONNECT 
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Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL inputs are 
required. To write into a particular location, a 150 ns 
TTL pulse is applied to the write enable (WE) pin of 
a selected (CE low) device. This, combined with 
output enable (OE) being high, initiates a 10 ms 
write cycle. During a byte write cycle, addresses are 
latched on either the falling edge of CE or WE, 
whichever one occurred last. Data is latched on the 
rising edge of CE or WE, whichever one occurred 
first. The byte is automatically erased before data is 
writte n. Wh ile the write operation is in progress, the 
RDY/BUSY output is at a TTL low. An internal timer 
times out the required byte write time a nd at th e end 
of this time, the device s ignals the RDY/BUSY pin to 
a TTL high. The RDY/BUSY pin is an open drain 
output and a typical 3K (I pull-up resistor to Vqc is 
required. The pull-up resisto r value is dependent on 
the number of OR-tied RDY/BUSY pins. 



Chip Erase 

Certain applications may require all bytes to be 
erased simultaneously. This feature is optional and 
the timing specifications are available from SEEQ. 



Power Up/Down Considerations 

The 2864 has internal circuitry to minimize a false 
write during system Vcc power up or down. This 
circuitry prevents writing under any one of the 
following conditions. 

1- Vcc 'S less than 3 V. 

2. A negative Write Enable (WE) transition has not 
occurred when Vcc 's between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in TTL 
logical states other than that specified for a byte 
write in the Mode Selection table. 



Mode Selection (labie d 



Mode/Pin 


CE 

(20) 


61 

(22) 


WE 
(27) 


I/O 
(11-13,15-19) 


RDY/ 


BUSY 
(1)* 


Read 


ViL 


ViL 


VlH 


DOUT 


HighZ 


Standby 


VlH 


X 


X 


HighZ 


HighZ 


Byte Write 


ViL 


VlH 


ViL 


Din 


Vol 


Write or 

Read 

Inhibit 


ViL 


VlH 


VlH 


HighZ 


HighZ 



*Pin 1 has an open drain output and requires an external 3K 
resistor to Vcc • The va lue of the resistor is dependent on the 
number of OR-tied RDY/BUSY pins. 



Absolute Maximum Stress Ratings* 

Temperature 

Storage -65° C to +150P C 

Under Bias -ICPCto+Bff'C 

All Inputs or Outputs with 

Respect to Ground +15 V to -0.3 V 

Duration of OE Supply at 12 V 

During W/E Inhibit ..' 24 Hours 



'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 



Recommended Operating Conditions 





2864H-250/H-300 
2864-250/-300 


2864-35 


Vcc Supply Voltage 


5 V±10% 


5 V±5% 


Temperature Range 


0°C to 70° C 


0°C to 70° C 


Q (Maximum Endurance) 


10,000 cycles/byte 


10,000 cycles/byte 
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DC Operating ChatSCtertStlCS (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


Min. 


Max. 


Ice 


Active Vcc Current 
(Includes Write Operation) 




110 


mA 


CE = OE = Vil; All I/O Open; 
Other Inputs = Vcc Max. 


ISB 


Standby Vcc Current 




40 


mA 


CE = ViH, OE = Vil; All I/O Open; 
Other Inputs = Vcc Max. 


ILI 


Input Leakage Current 




10 


mA 


ViN = Vcc Max. 


ILO 


Output Leal^age Current 




10 


mA 


VouT = Vcc Max. 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.4 


V 


IOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 mA 



AC Characteristics Read Operation (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


Test Conditions 


2864H-250 
2864-250 


2864H-300 
2864-300 


2864-35 


-JMin. 


Max. 


Min. 


Max. 


Min. 


Max. 


tRC 


Read Cycle Time 


250 




300 




350 




ns 


CE = OE = Vil 


tCE 


Chip Enable Access Time 




250 




300 




350 


ns 


OE = ViL 


tAA 


Address Access Time 




250 




300 




350 


ns 


CE = OE = ViL 


tOE 


Output Enable Access Time 




90 




100 




100 


ns 


CE = ViL 


tDF 


Output Enable High to Output Not 
being Driven 





60 





60 





80 


ns 


CE = ViL 


tOH 


Output Hold from Address Change, Chip 
Enable, or Output Enable whichever occurs 
first 

















ns 


CEorOE = ViL 



Read Cycle Timing 



OUTPUT 
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Capacitance TaHi = 25° c f 



MHz 



Symbol 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/o = V 



AC Test Conditions 

Output Load: 1 TTL gate and C/. = 700 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 Vand2V 

Outputs 0.8 Vand2V 



AC Cliaracteristics 

Write Cycle (Over the Operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


2864H-250 
2864-250 


2864H-300 
2864-300 


2864-35 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


twc 


Write Cycle Time/Byte 
Standard Family Only 




10 




10 




10 


ms 


"H" Family Only 




2 




2 




— 


ms 


tAS 


Address to WE Set Up Time 


10 




10 




10 




ns 


tcs 


CE to Write Set Up Time 

















ns 


twpf2! 


WE Write Pulse Width 


150 




150 




150 




ns 


tAH 


Address Hold Time 


50 




50 




70 




ns 


tDS 


Data Set Up Time 


25 




25 




50 




ns 


tDH 


Data Hold Time 


20 




20 




20 




ns 


tCH 


CE Hold Time 

















ns 


tOES 


OE Set Up Time 


10 




10 




10 




ns 


tOEH 


OE Hold Time 


10 




10 




10 




ns 


tDL 


Data Latch Time 


50 




50 




50 




ns 


tDvI^l 


Data Valid Time 




1 




1 




1 


MS 


tDB 


Time to Device Busy 




120 




120 




120 


ns 



Notes: 

1. This parameter is only sampled and not 100% tested. 

2. WE is noise protected. Less than a 20 ns write pulse wiU not activate a write cycle. 

3. Data must be valid within 1 /us maximum after the Initiation of a write cycle. 
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Write Cycle Timing 



tOES- 



/ 



): 



^. 



tcs 



-tAS- 



•OEH- 



t 



'Cj 



IDV- 



•-tcH-' 



Ids 



C 



1 






•dh 



/ 



> 



-tDB- 



U^ 



-twc- 
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Ordering Information 



PART NUMBER 



DQ 2 864 —250 

J 



J 



OPERATING 
PACKAGE TEMPERATURE 
TYPE RANGE 



D=CERDIP Q = 0''Cto + 70''C 



DEVICE TYPE 
2864 = 8K X 8 E'ROM 



WRITE TIME ACCESS TIME 



(BLANK) = 10 m* 250 = 250 ni 

H =° 2 ms 300 = 300 nt 



Packaging Information 

28-LEAO HERMETIC CERDIP PACKAGE TYPE D 




DIMENSIONS IN INCHES AND (MILLIMETERS). 
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52B13/52B13H 

E2 

16K Electrically Erasable ROM 



August 1984 



Features 

■ Input Latcties 

■ TTL Byte Erase/Byte Write 

m 1 ms (52B13H) or 9 ms Byte Erase/Byte Write 

■ Power Up/Down Protection 

■ 10,000 Erase/Write Cycles per Byte 

■ 5V± 10% Operation 

■ Fast Read Access Time — 200 ns 

■ Infinite Number of Read Cycles 

■ Chip Erase and Byte Erase 

■ DITrace'" 

■ JEDEC Approved Byte Wide Memory PInout 

Block Diagram 



'^ 



■^ 



COLUMN 
ADDRESS 
LATCHES 



=^ 



ROW 
ADDRESS 
LATCHES 




COLUMN 
ADDRESS 
DECODE 



Description 

SEEQ's 52B13 and 52B13H are 2048 x 8 bit, 5 volt 
electrically erasable, read only memories (E2R0M) with 
input latches on all address, data and control (chip and 
output enable) lines. Data is latched and electrically 
written by either a TTL or a 21V (52B13 only) pulse on 
the Write Enable pin. Once written, which requires 
under 1 ms, there is no limit to the number of times data 
may be read. Both byte and chip erase modes are 
available. The erasure time in either mode is under 10 
ms, and each byte may be erased and written up to 
10,000 times. They are direct pin-for-pin replacement 
for SEEQ's 5213. 

The 52B13 and 52B13H are ideal for applications that 
require a non-volatile memory with in-system write and 
erase capability. Dynamic reconfiguration (the altera- 
tion of operating software in real-time) is made possible 
by this device. Applications for the 52B13 and 52B13H 
will be found in military avionics systems, program- 
mable character generators, self-calibrating instruments/ 

(continued on next page) 

Pin Configuration 

52B13/52B13H 



Vcc 
Ab 



=> 



ROW 
ADDRESS 
DECODE 



LATCH ENABLE 



CE- 

oi- 




±z 



MEMORY 
ARRAY 



H 



INPUT 

DATA 

LATCHES 




A.|; 


1 ^ 


■^ 2. 




AeC 


2 


23 




Asi; 


3 


22 




A.|; 


4 


21 




A3i; 


5 


20 




A.t 


6 


19 




A^C 


7 


18 




Aoi; 


8 


17 




l/Oi^ 


9 


16 




l/02(; 


10 


IS 


■ 


1/03^ 


11 


14 




gndP 


12 


13 


« 






r 



l/Os 
I/O7 
l/Os 
I/O5 
I/O4 



Pin Names 



IZ 



I/O BUFFERS 



TJ 



Ao-Aio 


ADDRESSES 


CE 


CHIP ENABLE 


61 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR 
ERASE) 
DATA OUTPUT (READ) 
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machines, programmable industrial controllers, and an 
assortment of other systems. Designing the 52B13 and 
52B 13H into eight and sixteen bit microprocessor sys- 
tems is also simplified by utilizing the fast access time 
with zero wait states. The addition of the latches on all 
data, address and control inputs reduces the overhead 
on the system controller by eliminating the need for the 
controller to maintain these signals. This reduces IC 
count on the board and improves the system perfor- 
mance. Extended temperature and military grade 
versions are available. 

Device Operation 

SEEQ's 52B13 and 528 13H have six modes of operation 
(see Table 1) and except for the chip erase mode they 
require only TTL inputs to operate these modes. 

To write into a particular location of the 52813 or 
5281 3H, that byte must first be erased. A memory loca- 
tion is erased by presenting the 5281 3 or 52813H with 
Chip Enable at a TTL low while Output Enable is at TTL 
high, and TTL highs (logical Is) are being presented to 
all the I/O lines. These levels are latched and the data 
written when write enable is brought to a TTL low level. 
The erase operation requires under 10 ms. A write oper- 
ation is the same as an erase except true data is 
presented to the I/O lines. The 5281 3H performs the 
same as the 52813 except that the device operates at 5 
volts only and the byte erase/byte write time has been 
enhanced to 1 ms. 

The 52813 is compatible to prior generation E^ROMs 
which required a high voltage signal for writing and 
erasing. In the 52813 there is an internal dual level 
detection circuit which allows either a TTL low or 21 V 
signal (52813 only) to be applied to WE to execute an 
erase or write operation. The 5281 3 specifies no restric- 
tion on the rising edge of WE. 



For certain applications, the user may wish to erase the 
entire memory. A chip erase is performed in the same 
manner as a byte erase except that Output Enable is 
between 14V and 22V. All 2K bytes are erased in under 
10 ms. 

A characteristic of all E^ROMs is that the total number of 
write and erase cycles is not unlimited. The 52813 and 
5281 31-1 have been designed for applications requiring 
up to 10,000 write and erase cycles per byte. The write 
and erase cycling characteristic is completely byte 
independent Adjacent bytes are not affected during 
write/erase cycling. 

A fter the device is written, data is read by applying a TTL 
high to WE, enabling the chip, and enabling the outputs. 
Data is available tcE time after Chip Enable is applied or 
tACC time from the addresses. System power may be 
reduced by placing the 528 13 or 5281 3H into a standby 
mode. Raising Chip Enable to a TTL high will reduce the 
power consumption by over 60%. 

DiTrace'" 

SEEQ's family of E^ROMs incorporate a DiTrace™ 
field. The DiTrace™ feature is a method for storing 
production flow information to wafer level in an extra 
column ofE^ROh/l cells. As each major manufacturing 
operation is performed the DITrace™ field is automati- 
cally updated to reflect the results of that step. These 
features establish manufacturing operation traceabil- 
ity of the pacliaged device back to the wafer level. 
Contact SEEQ for additional information on these 
features. 



Table 1. Mode Selection (Vcc 


= 5V ± 10%) 








^TT — ^^ P'N 

Mode --1,,_^^^ 


CE 
(18) 


OE 
(20) 


WE 
(21) 


I/O 
(9-11, 13-17) 


Readl^l 


ViL 


ViL 


VlH 


DOUT 


Standbyl^l 


VlH 


Don't Care 


VlH 


HighZ 


Byte Erasel2l 


ViL 


VlH 


ViL 


D|N = VlH 


Byte Writel2l 


ViL 


VlH 


ViL 


Din 


Chip Erase 121 


ViL 


VOE 


ViL 


Din = VlH 


Write/Erase Inhibit 


VlH 


Don't Care 


Don't Care 


High Z 



Notes: 

1 . WE may be from Vm to 6V in the read and standby mode. 

2. WE may be at Viu (TTL W/E Mode) or from 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip erase mode of the 
52B13. 
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52B 13/52B 13H Specification Differences 

Except for the functional differences noted liere, tiie 52B13 and 52B13H operate to the same specifications, 
including the TTL W/E mode. 



Symbol 


Function/Parameter 


52B13 


52B13H 


Units 


Min. 


Max. 


Min. 


Max. 


twp 


Write Enable Pulse Width 
Byte Write/Erase 

Chip Erase 


9 
9 


70 
70 


1 

9 


10 
20 


ms 
ms 


VWE 


WE Write/Erase Voltage 
High Voltage Mode 


15 


22 


Not Applicable 


V 



Power Up/Down Considerations 

SEEQ's "52B" E^ family has internal circuitry to minim- 
ize false erase or write during system Vfec po^er up or 
down. This circuitry prevents writing or erasing under 
any one of the following conditions: 

1- Vcc 's less than 3 V. 

2. A negative Write Enable transition has not occurred 
when Vcc is between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in a 
logical state other than that specified for a byte write in 
the mode selection table. 



Typical E^ROM Write/Erase Routine 



r ^ 


(Note: Data Is 
Invalid In this 
operation.) 


WAIT SUBROUTINE 




1 START 1 


( WAIT \ 


1 


\ 


ISSUE 

MEMORY WRITE 

COMMAND 

TO E2R0M 


INITIALIZE 
COUNT 




1 






i 




EXECUTE 

WAIT 

SUBROUTINE 

FOR twP 


DECREMENT 
COUNT 






i 


ISSUE 

MEMORY READ 

COMMAND TO 

CLEAR EXTERNAL 

WE LATCH 




NO 


<^^rj> 


i 


Tyes 




( ^''^ ) 


{ RETURN ) 



Microprocessor Interface Circuit Example for Byte Write/Erase 



SVSTBSrRnET »- 

MEMORY READ >>- 



E^ROM SELECT >>- 



MEMORY WRITE »- 



CHIP SELECT »- 
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Absolute Maximum Stress Ratings* 

Temperature 

Storage -65° C to +150° C 

Under Bias -10° C to +80° C 

All Inputs or Outputs with 

Respect to Ground +6V to -0.3V 

WE During Writing/Erasing 

withi Respect to Ground +22.5V to -0.3V 

Duration of WE Supply at 
22V During W/E Inhibit 24 Hours 

Recommended Operating Conditions 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
Indicated In the operational sections of this specification Is 
not implied. Exposure to absolute maximum rating condi- 
tions lor extended periods may affect device reliability. 





52B13-200/-250/-350 
52B13H-200/-250/-350 


Vcc Supply Voltage 


5 V±10% 


Temperature Range 


0°Cto70°C 


Q (Maximum Endurance)l3l 


10,000 cycles/byte 



D.C. Operating CtiaracteriStiCS During Read or Write/Erase (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Min. 


Nom.l^l 


Max. 


Unit 


Test Conditions 


llN 


Input Leakage Current 






10 


mA 


ViN = Vcc Max. 


io 


Output Leakage Current 






10 


/uA 


VouT = Vcc Max. 


IWE 


Write Enable Leakage 
Read Mode 






10 


mA 


WE = ViH 


TTL W/E Mode 






10 


mA 


WE = ViL 


High Voltage W/E Model2l 






1.5 


mA 


WE = 22V, CE = ViL 


High Voltage W/E Inhibit Model2| 






1.5 


mA 


We = 22V, CE = ViH 


Chip Erase — TTL Mode 






10 


M 


WE = Vil 


Chip Erase — High Voltage 
Model2l 






1.5 


mA 


We = 22V 


icci 


Vcc Standby Current 




15 


30 


mA 


CE = V|H 


ICC2 


Vcc Active Current 




50 


80 


mA 


CE = OE = ViL 


Vil(D.C.) 


Input Low Voltage (D.C.) 


-0.1 




0.8 


V 




ViL (A.C.) 


Input Low Voltage (A.C.) 


-0.4 






V 


Time.= 10 ns 


VlH 


Input High Voltage 


2 




Vcc + 1 


V 




VWE 


WE Read Voltage 


2 




Vcc + 1 


V 




WE Write/Erase Voltage 
TTL Mode 


-0.1 




0.8 


V 




High Voltage Model2l 


14 




22 


V 




Vol 


Output Low Voltage 






0.45 


V 


lOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -40O mA 


VOE 


OE Chip Erase Voltage 


14 




22 


V 


lOE = lOfiA 



Notes: 

1 . Nominal values are for Ta = 25° C and Vcc = 5.0V. 

2. Not applicable to 52B13H. 

3. Each byte may be written or erased, over the temperature and Vcc range, up to the recommended endurance (Q) specification. 
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A.C. Operating Characteristics During Read (Over the operating VcC and temperature range) 



Symbol 


Parameter 


Device 
Number 
Extension 


52B33 
52B33H 


Unit 


Test Conditions 


Min. 


IVIax. 


tACC 


Address to Data Valid 


-200 
-250 
-350 




200 
250 
350 


ns 
ns 
ns 


CE=OE = ViL 


tCE 


Cliip Enable to Data Valid 


-200 
-250 
-350 




200 
250 
350 


ns 
ns 
ns 


OE = ViL 


tOEi1l 


Output Enable to Data Valid 


-200 
-250 
-350 


10 
10 
10 


80 
90 
100 


ns 
ns 
ns 


CE = ViL 


tDFl2l 


Output Enable to High Impedance 


-200 
-250 
-350 







60 
70 
80 


ns 
ns 
ns 


CE = ViL 


tOH 


Output Hold 


All 







ns 


CE = 0E = V|L 



Capacitancei^^ Ta = 25° c, f = imhz 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


Gin 


Input Capacitance 


10 


PF 


ViN = ov 


Gout 


Output Capacitance 


10 


PF 


VouT = ov 


CVcc 


Vcc Capacitance 


500 


pF 


OE = CE = ViH 


CVwE 


VwE Capacitance 


10 


pF 


OE = CE = ViH 



A.C. Test Conditions 

Output Load: 1 TTL gate and d = 100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



Read Timing 



ADDRESSES 



X 



ADDRESSES 
VALID 



:::zK 



^ 



"'acc- 



VALID OUTPUT 



•oh • 



•dfI^I - 



m 



Notes: 

1. OE may be delayed up to tACC — toE after the falling edge of CE without impact on Iacc 

2. tDF is specified from OE or CE, whichever occurs first. 

3. This parameter is periodically sampled. 
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A.C. Operating Characteristics During Write/Erase (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Min. 


Max. 


Units 


ts 


CE, OE or An Setup to WE 


50 




ns 


tos 


Data Setup to WE 







ns 


IhIH 


WE to CE, OE, An or Data Change 


50 




ns 


twp 


Write Enable, WE, 
Pulse Width 


52B13 


9 




ms 


52B13H 


1 




ms 


twR|2| 


WE to Mode Change 


50 




ns 



Notes: 

1. After t^, hold time, from WE, the inputs CE, OE, Address and Data are latched and are "Don't Cares" until twp, write recovery time, after 
the trailing edge of WE. 

2. The Write Recovery Time, twR, is the time after the trailing edge of WE that the latches are open and able to accept the next mode set-up 
conditions. Reference Table 1 (page 2) for mode control conditions. 



Byte Erase or Byte Write Timing 



V^^^)( 



/ 



\ I 



J 



-,rm ** Ir 



\ 



DON'T CARE 



-tH-» >- 



DON'T CARE 



i '"" X 



\ 



-BYTE ERASE/WRITE PERIOD - 



-START OF NEXT MODE 
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Chip Erase Timing 




DONT CARE 



^r,i -fi ■=. 



V|L 



\ 



i 



,^ 



-CHIP ERASE PERIOD- 



-START OF NEXT MODE 



Ordering and Pacl(aging information 



PART NUMBERS 
DQ52B13 -350 
DQ52B13H -350 



ACCESS TIME (ns) 

1 ms WRITE TIME 
AND 5V ONLY 

PRODUCT: 2K x 8 E^ROM 

TEMPERATURE RANGE: 0°C to 70°C 

PACKAGE: CERDIP 



24-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



nr-ir-ir-ini-innr-ir-ir-ir-i 



a.557± 0.042 
(14.15 + 1.07) 



uuuuuuuuuuuu 

1.260 ±0.025 0.160 ±0.02 

(32.00 ±0.64) 




H I* 




0.610 ±0.01 _ 
(15.49 ± 0.25) 



Ml"*" 0.125 MIN. 
0.04+0.02 0.100 ±0.010 I 0.018 ±0.002 (3.17) 

(1.01 + 0.50) (2.54 ±0.25) | (0.45±0.0S) 

0.055 ±0.008 
(1.39 ±0.20) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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64K Electrically Erasable E^ROM 



July 1984 



Features 

■ High Write Endurance Over Temperature 
Range 

— 55B33/55B33H; 1,000,000 cycles/byte 

— 52B33/52B33H; 10,000 cycles/byte 

■ Input Latches 

■ Fast TTL Byte Write Time 

— 1 ms for 52B33H/55B33H 

— 9 ms for 52B33/55B33 

■ 5V±10% Vcc 

■ Power Up/Down Protection 

■ 200 ns Read Access Time 
m DiTrace"' 

■ infinite Number of Read Cycies 

■ JEDEC Approved Byte Wide Memory Pinout 



Description 

SEEQ's 52B33 and 55B33 are 8196 x 8 bit, 5 volt elec- 
trically erasable, read only memories (E^ROM) which 
are specified over a 0°C to 70° C temperature range. 
The55B33 has a 1,000,000 cycle endurance specifica- 
tion and operates exactly like the 10,000 cycle 52833. 
It is ideal for applications requiring frequent writes or 
where high reliability is needed. The 55833 gives at 
least a factor or more improvement in reliability over 
10,000 cycle specified E^ROMs. Data retention for 
both devices is 10 years. 

Both products have input latches on all addresses, 
data, and control (chip and output) lines. Data is 
latched and electrically written by a TTL pulse on the 
Write Enable pin. Once written there is no limit to the 
number of times data may be read. The erasure time 
is under 10 ms, and each byte may be erased and 
written up to the specified endurance limit of 10,000 

(continued on next page) 



Block Diagram 



■o 



•o 



COLUMN 
ADDRESS 
LATCHES 



ROW 
ADDRESS 
LATCHES 




COLUMN 
ADDRESS 
DECODE 



^ 




ROW 
ADDRESS 
DECODE 



1 LATCH ENABLE 

WRITE/ERASE ENABLE 



LATCH ENABLE 




Iz 



MEMORY 
ARRAY 



^ 



INPUT 

DATA 

LATCHES 




Pin Configuration 



cc(; 


- "X 

1 


■^ .s 




Ai2^ 


2 


27 




A.i; 


3 


26 




Aai; 


4 


25 




As(; 


5 


24 




A.^ 


6 


23 




A3t 


7 


22 




A.t 


8 


21 




A,t 


9 


20 




Ao(^ 


10 


19 




l/Oi(^ 


11 


18 




l/02^ 


12 


17 




l/03^ 


13 


16 




gndF 


14 


15 











Pin Names 



Vcc 

WE 

N/C 

As 

As 

Aii 

OE 

Aio 
CE 
l/Og 
I/O/ 

1/06 

I/05 
I/04 



Iz 



I/O BUFFERS 



ij 



Ac 


ADDRESSES — COLUMN (LOWER ORDER BITS) 


Ar 


ADDRESSES — ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR ERASE), DATA OUTPUT (READ) 


CO 


CHIP CLEAR 


N/C 


NO CONNECT 
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or 1,000,000 times. For applications requiring a faster 
byte write or erase time, a 52B33I-I or55B33H is avail- 
able at 1 ms, giving a 10 times speed increase. 

The pin configuration is to thie JEDEC approved byte 
v/ide memory pinout. E^ROMs are ideal for applica- 
tions that require a non-volatile memory with 
in-system write and erase capability. Dynamic config- 
uration (the alteration of opening software in 
real-time) is made possible by E'^ROMs. Applications 
will be found in military avionics systems, program- 
mable character generators, self-calibrating 
instrument/machines, programmable industrial con- 
trollers, and an assortment of other systems. 
Designing the E^ROMs into these systems is simpli- 
fied because of the fast access time and input latches. 
The specified 200 ns access time eliminates or redu- 
ces the number of microprocessor wait sfafes. The 
addition of the latches on all data, address and con- 
trol inputs reduces the overhead on the system 
controller by eliminating the need for the controller to 
maintain these signals. This reduces IC count on the 
board and improves the system performance. 



Device Operation 

SEEQ's 52B33 and 55B33H have six modes of opera- 
tion (see Table 1) and require only TTL inputs to 
operate these modes. The "H" members of the family 
operate in the same manner as the other devices 
except for a faster write enable pulse width of 1 ms is 
specified during byte erase or write. 

Read 

A read is accomplished by presenting the address of 
the desired byte to_ the address inputs. Once the 
address is stable, CE is bought to a 7TL low in order 
to enable the chip. The write enable (WE) pin must be 
at a TTL high during the entire read cycle. The output 
drivers are made active by bringing output enable 
(OE) to a TTL low. During read, the address, CE, OE, 
and I/O latches are transparent. 



Mode Selection (Table 1 ) 



Write 

To write in to a particular location, that byte must first 
be erased. A memory location is erased by having 
valid addresses. Chip Enable at a TTL low. Output 
Enable at TTL high, and TTL highs (logical 1 's) pres- 
ented to all the I/O lines. Write Enable is then bought 
to a TTL low level to latch all the inputs and I/O lines. 
All inputs can be released after the write enable hold 
time (t^) and the next input conditions can be estab- 
lished while the byte is being erased. During this 
operation, the write enable must be held at a TTL low 
for 9 ms (twp). A write operation is the same as an 
erase except true data is presented to the I/O lines. 
The 52B33iH and the 55B33H performs the same as 
the 52B33/55B33 except that the byte erase/byte write 
time has been enhanced to 1 ms. 

Chip Clear 

Certain applications may require all bytes to be 
erased simultaneously. This feature is optional and 
the timing specifications are available from SEEQ. 

DITrace'" 

SEEQ's family of E^ROMs incorporate a DiTrace™ 
field. The DiTrace™ feature is a method for storing 
production flow information to wafer level in an extra 
column of E^ROM cells. As each major manufacturing 
operation is performed the DiTrace^" field is automati- 
cally updated to reflect the results of that step. These 
features establish manufacturing operation traceabil- 
ity of the packaged device back to the wafer level. 
Contact SEEQ for additional information on these 
features. 

Power Up/Down Considerations 

SEEQ's "52 B" £2 family has internal circuitry to min- 
imize false erase or write during system Vcc power up 
or down. This circuitry prevents writing or erasing 
under any one of the following conditions: 
1- Vcc is less than 3 V. 

2. A negative Write Enable transition has not occurred 
when Vcc 'S between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in a 
logical state other than that specified for a byte write 
in the mode selection table. 



^~~~~-— -~^___^ Function 
Mode ^^--^--^iPin) 


CE 
(20) 


cc 

(1) 


Of 
(22) 


WE 
(27) 


I/O 
(11-13,15-19) 


Read 


ViL 


VlH 


ViL 


VlH 


DOUT 


Standby 


VlH 


Don't Care 


Don't Care 


Don't Care 


HighZ 


Byte Erase 


ViL 


VlH 


VlH 


ViL 


Din = VlH 


Byte Write 


ViL 


VlH 


VlH 


ViL 


Din 


Chip Clear 


ViL 


ViL 


VlH 


ViL 


ViLorViH 


Write/Erase Inhibit 


VlH 


Don't Care 


Don't Care 


Don't Care 


HighZ 
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Absolute Maximum Stress Rating* 

Temperature 

Storage -65° C to +100° C 

Under Bias -10°Cto +80° C 

All Inputs or Outputs with 
Respect to Ground +7V to -0.3V 



'COMMENT: Stresses above thiose listed under "Absolute 
Maximum Ratings" may cause permanent damage to ttie 
device. Tiiis is a stress rating only and functional operation of 
ttie device at tiiese or any otfier conditions above tfiose indi- 
cated in ttie operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



Recommended Operating Conditions 





52B33-200/-250/-350 
52B33H-250 


55B33-250 
55B33H-250 


52B33-35 


Vcc Supply Voltage 


5V±10% 


5 V±10% 


5 V ± 5% 


Temperature Range 


0°Cto70°C 


0°Cto70°C 


0°Cto70°C 


Q (Maximum Endurance)l2l 


10,000 cycles/byte 


1 ,000,000 cycles/byte 


10,000 cycles/byte 



D.C. Operating ChiaracteristicS During Read or Erase/Write (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Min. 


Nom. 


Max. 


Unit 


Test Conditions 


llN 


Input Leakage Current 






10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 






10 


/uA 


Vqut = Vcc Max. 


IWE 


Write Enable Leakage 






10 


mA 


WE = ViL 


icci 


Vcc Standby Current 




18 


40 


mA 


CE = ViH 


ICC2 


Vcc Active Current 




60 


110 


mA 


CE = OE = ViL 


V|L(D.C.) 


Input Low Voltage (D.C.) 


-0.1 




0.8 


V 




ViL (A.C.) 


Input Low Voltage (A.C.) 


-0.4 






V 


Time= 10 ns 


VlH 


Input High Voltage 


2 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


IOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -400 fiA 



Notes: 

1 . Nominal values are for Ta = 25° C and Vcc = 5.0 V 

2. Each byte may be written or erased, over the temperature and Vcc range, up to the recommended endurance (Q) specification. 
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A.C. Operating C/iaracfer/sf/CS During Read (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Device 
Number 
Extension 


52B33 
52B33H 


55B33 
55B33H 


Unit 


Test Conditions 


iVIin. 


iVIax. 


IMin. 


IMax. 


tACC 


Address to Data Valid 


-200 

-250 

-350/-35 




200 
250 
350 




250 


ns 
ns 
ns 


CE=OE = ViL 


tCE 


Chip Enable to Data Valid 


-200 

-250 

-350/35 




200 
250 
350 




250 


ns 
ns 
ns 


OE = ViL 


tOElH 


Output Enable to Data Valid 


-200 

-250 

-350/35 


10 
10 
10 


80 
90 
100 


10 


90 


ns 
ns 
ns 


CE = ViL 


tDFl21 


Output Enable to High 
Impedance 


-200 

-250 

-350/35 







60 
70 
80 





70 


ns 
ns 
ns 


CE = ViL 


tOH 


Output Hold 


All 












ns 


CE = OE = ViL 


Cin/ 
CoutI3I 


Input and Output 
Capacitance 


All 




10 




10 


PF 


ViN = V for 
Cin, Vout = V 
for CouT, 
Ta = 25°C 



Read Cycle Timing 



X 



ADDRESSES 
VALID 



)\ 



\ 



-tcE- 



\ 



-. tOEHl- 



^ 



■ 'acc - 



VALID OUTPUT 



toH *■ 



-tDFl21- 



m 



Notes; 

1 . OE may be delayed to tACC — toE after the falling edge of CE without impact on tACC- 

2. tDF is specified from OE or CE, whichever occurs first. 

3. This parameter is period icall y sampled. 

4. After tH, hold time, from WE, the inputs CE, OE, CC, Address and Data are latched and are "Don't Cares" until twR, Write Recovery 
Time, after the trailing edge of WE. 

5. The Write Recovery Time, twR, is the time after the trailing edge of WE that the latches are open and able to accept the next mode 
set-up conditions. Reference Table 1 (page 2) for mode control conditions. 
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A.C. Test Conditions 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 Vand2V 

Outputs 0.8 V and 2 V 

A.C. Operating Characteristics During Write/Erase (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Min. 


Max. 


Units 


ts 


CE, C5E or Address Setup to WE 


50 




ns 


bs 


Data Setup to WE 







ns 


tHl^l 


We to CE, OE, Address or Data Change 


50 




ns 


twp 


Write Enable (WE) Pulse Width 
Byte Modes — 52B33/55B33 


9 




ms 


Byte Modes — 52B33H/55B33H 


1 






twRlSl 


WE to Mode change 
WE to Start of Next Byte Write Cycle 


50 




ns 


WE to Start of Read Cycle 


1 




MS 



Byte Erase or Byte Write Cycle Timing 

ADDRESSES ^ VALID Y 



N. I 



OE 



K^V 



I/O 
(WRITE MODE) 



I/O 
(ERASE MODE) 



(Notes 4 and 5 are on page 4) 

eeeo 



tos 
HIGHZ 



J 



\ 



•wp- 



/ 



— tH — 



< - ""° X 



♦-twR-^ 



DON'T CARE 



\ 



-BYTE ERASE/WRITE PERIOD - 



-4" START OF NEXT MODE 
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Microprocessor Interface Circuit Example for Byte Write/Erase 



ADDRESS 
BUS 




NOTE: 

ALL SIGNALS MUST SATISFY THE RELATIONSHI PS INDICATED B Y THE 
TIMINd DIAGRAMS S HOWN ON PA GES 4 AND 5. E^ROM SELECT IS 
DERIVED FROM THE CHIP SELECT SIGNALS OF ALL DEVICES FOR 
WHICH THIS CIRCUIT GATES WE. THIS MAY ENTAIL A SIMPLE OR 
FUNCTION. IN CASE OF A SINGLE E^ROM, THE TWO SIGNALS WOULD 
BE COMMON. 



Typical E2R0M Write/Erase Routine 



GrD 



WAIT SUBROUTINE 



ISSUE 

MEMORY WRITE 

COMMAND 

TO E2R0M 
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WAIT 
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FOR twp 
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MEMORY READ 

COMMAND TO 

CLEAR EXTERNAL 

WE LATCH 



(Note: Data is 

invalid in this 

operation) 
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Ordering Information 



52B33/52B33H 
55B33/55B33H 



PACKAGE 
TYPE 



DQ55B33H — 250 
PART NUMBER DQ52B33 — 250 



OPERATING 
TEMPERATURE 
RANGE 
Q = 0°CTO70°C 



T 



J 



DEVICE TYPE 



52B33 = 10K Endurance 
55833 = 1M Endurance 



(BLANK) = 10 ms 
H = 1 ms, 5 Volt 



ACCESS TIME 

200 = 200 ns 

250 = 250 ns 

350 = 350 ns 

35 = 350 ns @ 5% Vcc 



Packaging Information 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



nnr-inr-ir-ir-ii-ir-inr-ir-if-ir-i 



UUUUUUUUUUUUUU 

1.460 ± 0.025 
(37.08 ± 0.64) 



0.557 ± 0.042 
(14.15 + 1.07) 



0.160 + 0.02 
(4.06 ± 0.50) 



bdbtfid-tftfmub 



0.04 ± 0.02 
,1.01 + 0.50) 



0.100 ± 0.010 
(2.54 ± 0.25) 



PjmP- 



0.610 ± 0.01 
■(15.49 ±0.25) 



"^ H '*■ 0.125 MIN. 

0.018 ±0.002 (3.17) 

(0.45 ± 0.05) 



0.055 ± 0.008 
(1.39 ± 0.20) 



0.010 + 0.002 
(0.25 ± 0.05) 



0.660 ± 0.04 
(16.76 ±1.01 




DIMENSIONS IN INCHES AND (MILLIMETERS). 
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SECTION 3 



MICRO/LAN 




72720 

Self-Adaptive E^ROM 
Single Chip Microcomputer 



Features 

M 2Kx 8 5V E^ROM Program Memory 

■ Write to E^ROM Instruction Ailows Processor 
to Load and Alter its Own Program Memory 

■ E^ROM Programmable Externally as Well as 
Under Processor Control 

■ E^ROM Programming Instruction can 
Program External E^ROM 

m 256 X 8 Static RAM 

■ 13 Millisecond E^ROM Byte Write/Byte Erase 

■ Program Security Lock to Prevent External 
Access to User Code 

■ DITrace'" 

■ TMS 7000 MIcrolanguage Processor 
Architecture 

Description 

The SEEQ 72720 is a full function single-chip 
microcomputer*, fabricated in N-channel Silicon 
Gate technology, which contains a 2K x 8 5V non- 
volatile electrically erasable (E^ROM) program 



memory. This program memory can be erased and 
programmed via the processor itself during normal 
program execution or can be programmed under 
external control as if it were a standard 5V E^RQM 
memory component. The E^RQM can easily be 
expanded off-chip using the processor's Full 
Expansion Mode. External E^RQM can be 
programmed with the same instruction used to alter 
on-chip E2R0M. 

A security lock mechanism is implemented in E^RQM 
memory which allows the user's program to inhibit 
external access to its proprietary program code. 
Once activated this lock can be reset only by an 
external E^ROM block clear operation which erases 
the entire program memory contents. 

As with other E2R0M devices which SEEQ manufac- 
tures, the 72720 has DiTrace™ and Silicon Signature™ 
features to facilitate production testing and tracking. 
Each device is encoded with detailed processing and 
testing information which is stored in a special E^ROM 
memory as it passes through the manufacturing cycle>^ 
Also stored in an unalterable identification code which 
contains product information such as E^ROft/l pro- 
gramming parameters. 



Block Diagram 



Pin Configuration 
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B2t 


5 


36 




AOllj 


6 


35 




ah; 


7 


34 




A2q 


8 


33 




"t 


9 


32 




A4t 


10 


31 




A7[; 


11 


30 




INT3|;j 


12 


29 
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*TMS7000 under license of Texas Instruments Inc. 
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Why an E2R0M Microcomputer? 

The availability of a single chip microcomputei' with 
non-volatile program memory which can be altered 
under processor control makes possible the design 
of low cost products with many new features: 

1. Program and Data Security. 

2. Self Adaptive Code for machines that learn as 
they perform their tasl<s. 

3. In-Circuit Reprogrammabiiity to eliminate product 
disassembly for firmware updates. 

4. Remote Reprogrammabiiity to eliminate service 
calls for firmware updates. 

5. Internally Stored Product History including fac- 
tory test results, product configuration, revision 
level, and service records. 

6. Stored Initialization Parameters to eliminate front 
panel switches and automatically configure pro- 
duct for one or many users. 

7. Product Usage and Error Logging to simplify 
maintenance and pinpoint product failure modes. 

Programming The E2R0M 

The 72720 provides three modes in which the on- 
board memory can be programmed: 

1. The Slave Mode which can be activated by reset- 
ting the part with 5V applied to a dedicated Mode 
Control (MC) pin and two I/O port lines, allows 



the 72720 to be programmed like any E^ROM or 
EPROM memory component. Address, data and 
read/write strobes are applied externally. This 
mode allows the 72720 to be programmed by 
standard PROM programmers or in-circuit by a 
master processor. 

2. In all three normal operating modes. Single Chip, 
Peripheral Expansion, or Full Expansion, the 
72720 can be programmed by executing a new 
instruction called Program (PRG). The PRG 
instruction uses any 16-bit register pair in the 
Register File as a pointer to the E^ROM location 
to be programmed. The 8 bits of data to be 
programmed is placed in the A-Register prior to 
executing PRG. This addressing mode allows 
E2R0M memory to exist anywhere in the Memory 
address space of the 72720 (either on- or off- 
chip). The PRG instruction is a (13 ms) write 
operation which can write any bit already a "1 " to 
a "0". Any word in E^ROM memory not erased i.e., 
not all "1s", must be initialized to all "Is", via an 
extra PRG instruction. The external read/write 
logic of the 72720 has been designed to allow the 
programming of external E^ROM memory as well 
as internal E2R0M using the PRG instruction. 
Therefore, on-chip E^ROM can be expanded off- 
chip with no impact on system software or timing. 



Slave Program Timing 

V 

I —J 




ADDRESS 
(D0-D7, A0-A3) 



DATA 
(C0-C7) 



7 



7 
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3. A third programming option called the Macro 
mode (which operates in the Full Expansion 
mode) provides for E^ROM programming via the 
internal CPU executing externally stored code. 
Immediately after RESET, the first instruction 
fetch occurs from external rather than internal 
program memory. This mode allows the 72720 to 
bootstrap itself from external memory in situa- 
tions where no code exists initially in on-board 
E^ROf^ memory. 

Security Lock 

Location 01FF in the Peripheral File is a special 
control register implemented in E2R0M which 
serves to disable external access to on-board 
program memory. Security is achieved by writing 
"1's" to this register after the 72720 has been 
initialized (at Reset) in either the Single Chip or 
Peripheral expansion modes. Once the lock is set, 
the mode of the 72720 cannot be altered via external 
pins, thereby preventing access to internal memory. 
The Security Locl< can be reset only by an externally 
generated block clear which erases all internal 
E2R0f^ memory. 



Expansion Modes 

In addition to the stand alone Single Chip mode, the 
72720 has two expansion modes which provide for 
the addition of external memory and I/O peripherals 
to on-chip functions. 

Simplest and most efficient in I/O lines used is the 
Peripheral Expansion Mode, in which Port "C" be- 
comes a multiplexed 8-bit data/address bus and 
one-half of Port "B" provides address latching and 
read/write control for external I/O devices. Devices 
placed on this expansion bus are accessed the same 
as if they existed on-chip, sharing the same instruc- 
tion and timing. This includes the logical instructions, 
AND, OR, and Exclusive OR which perform read/ 
modify/write cycles on external peripheral file loca- 
tions to provide bit set, reset, and toggle capabilities. 

The second mode is called the Full Expansion Mode. 
This mode allows the addition of up to 61 K bytes of 
external program and/or data memory to the 72720 
using standard 350 to 400 ns memory devices. This 
mode also provides for external peripheral I/O devi- 
ces as in the Peripheral Expansion Mode. This mode 
uses the same I/O lines with the addition of Port "D" 
to provide the additional address lines required to 
access the full 64K address space. 
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Mode Control (Factory Test) 
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Memory Address Space 

The 72720 has a single 64K byte address space 
divided into three basic areas: a Register File, a Peri- 
pheral File and Memory. The Register File resides In 
the lower 256 bytes of memory and contains the A- 
Register (accumulator), the B-Reglster (a secondary 
accumulator and index register) and 254 general 
purpose registers. The stack also residing in the 
Register File is accessed via a separate 8-bit stack 
pointer register. All accesses to Register File loca- 
tions require only one machine cycle (400 ns), 
whereas all other accesses on- or off-chip, require 
two. The Register File resides entirely on-chip. The 
Peripheral File occupies the next 256 bytes above 
the Register File and contains all chip control /status 
registers and on-chip I/O ports within the first 11 
bytes. The remaining 245 locations can be used to 
access off-chip I/O ports and peripherals In the 
Peripheral Expansion mode. 

The remainder of the 64K address space is general 
purpose memory for storage of both programs and 
data. In the 72720 the upper 2K bytes exist on-chip 
as E^RO^/I which serves to store programs, con- 
stants, and can also be used to provide non-volatile 
storage of certain infrequently varying data. The 
remainder of the address space (~ 61 K) Is available 
In the Full Expansion Mode for any type of memory 
(including E^ROM) or peripheral devices. 

Instruction Set 

The 72720 shares the standard instruction set of the 
TMS7000 Series, which has 61 different instructions. 
Including arithmetic Instructions which directly 
support BCD arithmetic (Decimal Add and Decimal 
Subtract on packed BCD bytes), single Instruction 
I/O operations on bit fields from 1 to 8 bits that 
operate without using the accumulator, bit test and 
jump Instructions that function on both I/O and 
memory, and an 8 x 8 multiply Instruction. Also 
included are a decrement and jump if non-zero 
instruction for efficient implementation of program 
loops and several double byte operations including 
decrement and move. 



eeeo 



72720 addressing modes include three byte direct 
addressing allowing register-to-register operations 
by-passing the accumulator, 16-bit indirect addres- 
sing to the entire 64K address space using any of 
the 128 register pairs on chip, a special double byte 
Immediate load to the registers indexed with the B- 
Register, and 16-bit (64K) direct addressing Indexed 
with the B-Register. 

72720 Memory Map 



01FF 
0200 



OFF-CHIP I/O 



SECURITY LOCK 



RESET VECTOR 



-REGISTER FILE (256x8) 



■ PERIPHERAL FILE (256 x 8) 



• OFF-CHIP MEMORY (61 K) 



- ON-CHIP PROGRAM 
MEMORY (2K x 8 E2R0M) 



- TRAP VECTORS (48 x 8) 
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Input/Output 

In the single chip mode the 72720 provides 32 I/O 
lines configured as four 8-bit ports A, B, C and D. 
"A" port is input only, "B" port is output only, and 
both "C" and "D" ports are fully bi-directional (pro- 
grammable as input or output on a bit-by-bit basis). 
Ports "C" and "D" are configured by writing to Data 
Direction Registers in the Peripheral File address 
space. The four I/O ports themselves also are 
accessed as part of the Peripheral File. In addition, 
like all Peripheral File locations, the I/O ports can be 
accessed as part of the 64K address space using the 
Load, Store, and Compare instructions with either 
Direct, Indirect, or Indexed addressing. 

I/O capacity can be easily expanded off-chip using 
the Peripheral Expansion Mode in which Port "C" 
becomes a multiplexed 8-bit Data/Address latch and 
read/write control for external peripheral devices. 
There are approximately 245 addresses in the Peri- 
pheral Files reserved for accessing these external 
peripheral devices and, since they exist in the same 
address space as the on-board I/O ports, they can 
be accessed with the same instructions and timing 
as on-board I/O. 

Timer/Counter 

The programmable timer/counter on-board the 72720 
consists of an 8-bit binary down counter and a 5-bit 
clock prescaler counter. The timer/counter can be 
started and stopped simultaneously via a bit in the 
timer control register. Each time a "1" is written to 
this start bit the contents of the prescaler Initial 
Value and Counter Initial Value registers are loaded 
into the prescaler and counter, then counting begins. 
Counter underflow sets a flag that activates an inter- 
rupt, or can be polled by the user's program. 
Counter underflow also initiates automatic reload of 
the Counter Initial Value to provide unattended gen- 

Programmable Timer/Event Counter 



eration of periodic pulses. The counter clock source 
is controlled by a bit in the timer control register and 
can be either the CPU XTAL divided by 32 (resulting 
in a 3.2 msec clock period) or can be an external 
source applied to an input pin. The counter also has 
associated with it an 8-bit Capture Latch which can 
be used to instantaneously save the counter value in 
response to an external interrupt signal. This feature 
facilitates the measurement of input pulse width and 
also provides a means of measuring and compensat- 
ing for variable interrupt response times. Pulse width 
measurement is accomplished by loading the Cap- 
ture Latch on each edge of the pulse and comparing 
the difference. Interrupt response time (latency) is 
determined by an interrupt service routine, if the 
interrupt has loaded the Capture, Latch by subtract- 
ing the content of the Capture Latch from the 
current timer value. 

The counter Initial Value and Timer Control/Pres- 
caler Initial Value registers are write only and the 
8-bit counter and Capture Latch registers are read 
only. These registers all exist in the 72720's Peri- 
pheral File address space. 

Interrupts 

The 72720 has three ha rdware interrupt sources and 
levels in addition to RESET (considered a non- 
maskable interrupt). Level (the highest priority) is 
RESET followed b y Le vel 1 which is the external 
interrupt input pin INT1. Level 2 is the timer under- 
flow interrupt, and Level 3 is the external interrupt 
pin INT3. Each of these interrupts has an associated 
service routine vector location in the upper eight 
bytes of program memory. Level 1 through 3 are 
individually enabled/disabled via control bits in the 
Peripheral File address space. These four interrupt 
vectors are also activated under program control by 
executing Trap instructions to vector to the approp- 
riate service routines. 
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8003 

EDLC Ethernet 
Data Link Controller 



MARCH 1985 



Features 

■ Optimized for Burst Mode DMA Applications 

■ 100% Ethernet/IEEE 802.3 Compatible 

■ 10 MHz Serial/Parallel Conversion 

■ Preamble Generation and Removal 

■ Automatic 32-Blt FCS (CRC) Generation and 
Checking 

■ Collision Handling, Transmission Deferral 
and Retransmission with Automatic Jam and 
Backoff Functions 

■ Error Interrupt and Status Generation 

■ 40 Pin Package 

■ Single 5 V ±10% Power Supply 

■ Standard CPU and Peripheral Interface 
Control Signals 

■ Loopback Capability for Diagnostics 

■ Single Phase Clock 

■ Inputs and Outputs TTL Compatible 

Description 

The SEEQ Ethernet Data Link Controller (EDLC) is 
designed to support the Data Link Layer (layer 2) of 
the Ethernet specification for Local Area Networks 
(LAN). The system interface is optimized for ease of 
connection to commonly available DMA Controllers 
and specifically for BURST MODE OPERA TION. The 



8003 interfaces directly to the 8023 Manchester Code 
Converter to complete the station resident Ethernet 
functions. The protocol used is Carrier Sense, Multiple 
Access with Collision Detection (CSMA/CD). The 
8003 EDLC chip is a single 40 pin VLSI device which 
replaces approximately 60 MSI and SSI devices. It is 
designed to greatly simplify the development of 
Ethernet communication in computer based systems. 
The 8003 provides an economic solution for the con- 
struction of an Ethernet node, providing high speed 
data communication at 10 Megabits/second and sees 
applications in terminals, workstations, personal 
computers, small business systems, and large com- 
puter systems, in both the office and industrial 
environment. The 8003 EDLC chip has a universal 
system interface compatible with almost any micro- 
processor, microcomputer, or system bus, allowing 
the system designer to make the price/ performance 
tradeoffs for each application. The transmit and 
receive sections of the EDLC chip are independent 
and can operate simultaneously to allow reception of a 
transmitted frame for use in loopback diagnostics 
modes. 



Functional Block Diagram 
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Functional Description 
Frame Format 

On an Ethernet communication networl<, information 
is transmitted and received in pacl<ets or frames. An 
Ettiernet frame consists of a preamble, two address 
fieids, a byte-count fieid, a data fieid, and a frame 
ctieck sequence (FCS). Eacfi field fias a specific for- 
mat wt)ich is described in detail below. An Ettiernet 
frame lias a minimum lengtfi of 64 bytes and a maxi- 
mum length of 1518 bytes exclusive of the preamble. 
The Ethernet frame format is shown below. 



PREAMBLE 
(8) 



SOURCE 

ADDRESS 

(6) 



DATA 
(46-1500) 



FCS 
(4) 



DESTINATION 

ADDRESS 

(6) 



BYTE 
COUNT 
(2) 



NOTE: 

Field length In bytes In parentheses. 

Preamble: The preamble is a 64-bit field consisting of 
62 alternating "1"s and "0"s followed by a "11" End-of- 
Preamble indicator. 

Destination Address: The Destination Address is a 
6-byte field containing either a specific Station 
Address, a Broadcast Address, or a Multicast Address 
to which this frame is directed. 

Source Address: The Source Address is a 6-byte field 
containing the specific Station Address from which 
this frame originated. 

Byte-Count Field: The Byte-Count Field consists of 
two bytes providing the number of valid data bytes in 
the Data Field, 46 to 1500. This field is uninterpreted 
at the Data Link Layer, and is passed through the 
EDLC chip to be handled at the Client Layer. 

Data Field: The Data Field consists of 46 to 1500 bytes 
of information which are fully transparent in the sense 
that any arbitrary sequence of bytes may occur. 



Frame Check Sequence: The Frame Check Sequence 
(FCS) field is a 32-bit cyclic redundancy check (CRC) 
value computed as a function of the Destination 
Address Field, Source Address Field, Type Field, and 
Data Field. The FCS is appended to each transmitted 
frame, and used at reception to determine if the 
received frame is valid. 



Transmitting 

The transmit data stream consists of the Preamble, 
four information fields, and the FCS which is 
computed in real time by the EDLC chip and 
automatically appended to the frame at the end of the 
serial data. The Preamble is also generated by the 
EDLC chip and transmitted immediately prior to the 
Destination Address. Destination Address, Source 
Address, Type Fieid and Data Field are prepared in the 
buffer memory prior to initiating transmission. The 
EDLC chip encapsulates these fields into an Ethernet 
frame by inserting a preamble prior to these information 
fields and appending a CRC after the information fields. 

Transmission Initiation/Deferral 

The Ethernet node initiates a transmission by storing 
the entire information content of the frame to be 
transmitted in an external buffer memory, and then 
transferring initial frame bytes to the EDLC Transmit 
FIFO. "Transmit-b uffer t o FIFO" transfers are 
coordinated via the TxWR and TxRDY han dshake 
interface, i.e., bytes are written to the FIFO via TxWR 
only when TxRDY is HIGH. Actual transmission of the 
data onto the network will only occur if the network 
has not been busy for the minimum defer time (9.6 fis) 
and any Backoff time requirements have been 
satisfied. When transmission begins, the EDLC chip 
activates the transmit enable ( TxEN) line concurrently 
with the transmission of the first bit of the Preamble 
and keeps it active for the duration of the transmission. 
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BITS WITHIN A BYTE ARE TRANSMITTED/RECEIVED BIT NO. "0" FIRST THROUGH BIT NO. "7 " LAST. 

Figure 1. Bit Serialization/Deserialization 
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FIRST BYTE 


A7 ... 


... AO 




A15 ... 


... A8 




A23 . . . 


... A16 




A31 ... 


... A24 




A39 ... 


. . . A32 




A47 ... 


... A40 




B7 ... 


... BO 




815 ... 


... B8 




B23 ... 


... B16 




B31 ... 


... B24 




B39 ... 


... B32 




B47 ... 


... B40 




T7 ... 


... TO 




tl5 . . . 


... TS 




D7 ... 


... DO 








: : 






LAST BYTE 





DESTINATION 
ADDRESS 
(6 BYTES) 



SOURCE 
ADDRESS 
(6 BYTES) 



BYTE COUNT 
(2 BYTES) 



DATA 
- (46-1500 
BYTES) 



Figure 2. Typical Frame Buffer Format 
for Byte-Organized Memory 

Collision 

When concurrent transmissions from two or more 
Ethernet nodes occur (collision), the EDLC chip halts 
the transmission of the data bytes in the Transmit 
FIFO and transmits a Jam pattern consisting of 
55555555 hex. At the end of the Jam transmission, the 
EDLC chip issues a TxRET signal to the CPU, and 
begins the Baci<off wait period. 

To reinitiate transmission, the initial bytes of the frame 
information fields must be reloaded into the EDLC 
Transmit FIFO. The TxRET is used to indicate to the 
buffer manager the need for frame reinitialization. The 
reloading of the Transmit FIFO may be done prior to 
the Backoff interval elapsing, so that no additional 
delay need be incurred to retransmission. 

Scheduling of retransmission is determined by a 
controlled randomization process called Truncated Binary 
Exponential Backoff. The EDLC chip waits a random 
interval between and 2K slot times (51.2 ns per slot 
time) before attempting retransmission, where "K" is 
the current transmission attempt number (not to 
exceed 10). 

When 16 consecutive attempts have been made at 
transmission and all have been terminated due to 
collision, the EDLC Transmit Control sets an error 
status bit and issues an interrupt to the CPU if enabled. 



Terminating Transmission 

Transmission terminates under the following 
conditions: 

Normal: The frame has been transmitted successfully 
without contention. Loading of the last data byte into 
the Transmit FIFO Is signaled to the EDLC chip by 
activation of the RxTxEOF signal concurrently with 
the last byte of data loaded into the Transmit FIFO. 
This line acts as a ninth bit in the Transmit FIFO. When 
this last byte is serialized, the CRC is appended and 
transmitted concluding frame transmission. The 
Transmission Successful bit of the Transmit Status 
Register will be set by a normal termination. 
Collision: Transmission attempted by two or more 
Ethernet nodes. The Jam sequence is transmitted, the 
Collision status bit is set, the TxRET signal is 
generated, and the Backoff interval begun. 

Underflow: Transmit data is not ready when needed 
for transmission. Once transmission has begun, the 
EDLC chip on average requires one transmit byte 
every 800 ns in order to avoid Transmit FIFO 
underflow (starvation). If this condition occurs, the 
EDLC chip terminates the transmission, issues a 
TxRET signal, and sets the Transmit-Underflow status 
bit. 

16 Transmission Attempts: If a Collision occurs for the 
sixteenth consecutive time, the 16-Transmission- 
Attempts status bit is set, the Collision status bit is set, 
the TxRET signal is generated, and the Backoff 
interval begun. The counter that keeps track of the 
number of collisions is modulo 16 and therefore rolls 
over on the 17th collision. 

At the completion of every transmission or 
retransmission, new status information is loaded into 
the Transmit Status Register. Dependent upon the bits 
enabled in the Transmit Command Register, an 
interrupt will be generated for the fust completed 
transmission. In both collision and underflow the 
TxRET signal is activated. 

Receiving 

The EDLC chip is continuously monitoring the net- 
work. When activity is recognized via the Carrier 
Sense (CSN) line going active, the EDLC chip syn- 
chronizes itself to the incoming data stream during the 
Preamble, and then examines the destination address 
field of the frame. Depending on the Address l^atch 
Mode specified, the EDLC chip will either recognize 
the frame as being addressed to itself in a general or 
specific fashion or abort the frame reception. 

Preamble Processing 

The ELDC chip recognizes activity on the Ethernet via 
the Carrier Sense line. The Preamble is normally 64 
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bits (8 bytes) long. The Preamble consists of a 
sequence of 62 alternating "1 "s and "0"s followed by 
"11", with the frame information fields immediately 
following. In order for the decoder phase-lock to 
occur, the EDLCchip waits 12 bit times before looking 
for the "11" end of preamble indicator. If the EDLC 
chip receives a "00" before receiving the "11" in the 
Preamble, an error condition has occurred. The frame 
is not received, and the EDLC chip begins monitoring 
the network for a carrier again. 

Address Matching 

Ethernet addresses consist of two 6-byte fields. The 
first bit of the address signifies whether it is a Station 
Address or a Multicast/ Broadcast Address. 



First Bit 


Address 





Station Address (Physical) 


1 


Multicast/ Broadcast Address 
(logical) 



Address matching occurs as follows: 

Station Address: All destination address bytes must 
match the corresponding bytes found in the Station 
Address Register. 

Multicast Address: If the first bit of the incoming 
address is a 1 and the EDLC chip is programmed to 
accept Multicast Addresses, the frame is received. 

Broadcast Address: The six incoming destination 
address bytes must all be FF hex. If the EDLC chip is 
programmed to accept Broadcast or Multicast 
Addresses the frame will be received. 

If the incoming frame is addressed to the EDLC chip 
specifically (Destination Address matches the 
contents of the Station Address Register), or is of 
general or group interest (Broadcast or Multicast 
Address), the EDLCchip will pass the frame exclusive 
of Preamble and FCS to the CPU buffer and indicate 
any error conditions at the end of the frame. If, however, 
the address does not match, as soon as the mismatch is 
recognized the EDLC chip will terminate reception and 
issue an RxDC. 

The EDLC chip may be programmed via the Match 
Mode bits of the Receive Command Register to ignore 
all frames (Disable Receiver), accept all frames 
(Promiscuous mode), accept frames with the proper 
Station Address or the Broadcast Address (Station/ 
Broadcast), or accept all frames with the proper 
Station Address, the Broadcast Address, or all 
Multicast Addresses (Station/ Broadcast/ Multicast). 



Terminating Reception 

Reception is terminated when either of the following 
conditions occur: 

Carrier Sense Inactive: Indicates that traffic is no 
longer present on the Ethernet cable. 

Overflow: The host node for some reason is not able to 
empty the Receive FIFO as rapidly as it is filled, and an 
error occurs as frame data is lost. On average the 
Receive FIFO must be serviced every 800 ns to avoid 
this conditions. 

Frame Reception Conditions 

Upon terminating reception, the EDLC chip will 
determine the status of the received frame and condi- 
tionally load it into the Receive Status Register. An 
interrupt will be issued if the appropriate conditions as 
specified in the Receive Command Register are pres- 
ent. The EDLC chip may report the following 
conditions at the end of frame reception: 
Overflow: The EDLC internal Receive FIFO overflows. 

Dribble Error: Carrier Sense did not go inactive on a 
receive data byte boundary. 

CRC Error: The 32-bit CRC transmitted with the frame 
does not match that calculated upon reception. 

Short Frame: A frame containing less than 64 bytes of 
information was received (including FCS). 

Good Frame: A frame is received that does not have a 
CRC error, Shortframe, or Overflow condition. 

System Interface 

The EDLC chip system interface consists of two 
independent busses and respective control signals. 
Data is read and written over the Receive/ Transmit 
Data Bus RxTxD ( 0-7). Th ese transfers are controlled 
by the TxRDY and TxWR signals for transmitted data, 
and RxRDY and RxRD for received data. All 
Commands and Station Addresses are written, and all 
status read over a separate Command/Status Bjjs 
CdSt (0-7). These transfers are controlled by the CS, 
RD, WR, and A0-A2 signals. The EDLC chip's 
command and status registers may be accessed at any 
time. However, it is recommended that writing to the 
command register be done only during interframe 
gaps. 

With the exception of the two Match Mode bits in the 
Receive Command Register, all bits in both command 
registers are interrupt enable bits. Changing the 
interrupt enable bits during frame transmission does 
not affect the frame integrity. Asynchronous error 
events, however, e.g., overflow, underflow, etc., may 
cause chip operation to vary, if their corresponding 
enable bits are being altered at the same time. 
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Figure 3. Typical Ethernet Node Configuration 



Reading the status registers may also occur at any 
time during transmission or reception. 

Internal Register Addressing 





Register 


Register Description { 




Address 








Read 


Write 




A2 


A1 


AO 














_ 


Station Addr 


1 








1 


— 


Station Addr 1 


2 





1 





— 


Station Addr 2 


3 





1 


1 


— 


Station Addr 3 


4 


1 








— 


Station Addr 4 


5 


1 





1 


— 


Station Addr 5 


6 


1 


1 





Rx Status 


Rx Command 


7 


1 


1 


1 


Tx Status 


Tx Command 



Status registers are read only registers. Command and 
Station Address registers are write only registers. 
Access to these registers is via the CPU interface: 
Control signals CS, RD, WR, and the Command/Status 
Data Bus CdSt (0-7). 

Station Address Register 

The Station Address Register is 6 bytes in length. The 
contents may be written in any order, with bit "0" of 
byte "0" corresponding to the first bit received in the 



data stream, and indicating whether the address is 
physical or logical. Bit 7 of station address byte 5 is 
compared to the last bit of the received destination 
address. The Station Address should be programmed 
prior to enabling the receiver. 

Transmit Command Register 

The Transmit Command Register Is an Interrupt mask 
register, which provides for control of the conditions 
allowed to generate transmit interrupts. Each of the 
four least significant bits of the register may be indi- 
vidually set or cleared. When set, the occurrence of the 
associated condition will cause an interrupt to be gen- 
erated. The four specific conditions for which interrupts 
may be generated are: 

• Underflow 

• Collision 

• 16 Collisions 

• Transmission Successful 

The interrupt signal INT will be set when one or more 
of the specified transmission termination conditions 
occurs and the associated command bit has been set. 
The interrupt signal INT will be cleared when the 
Transmit Status Register is read. 

All bits of the Transmit Command Register are cleared 
upon chip reset. 
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Transmit Command Register Format 

7 6 5 4 3 2 10 Bit 



Match Mode Definition 























L 









Interrupt on Transmit Underflow 

Interrupt on Transmit Collision 

Interrupt on 16 Transmission 

Attempts 

Interrupt on Transmission 

Successful 



Transmission Successful is set only on the successful 
transmission or retransmission of a frame. 

Transmit Status Register 

The Transmit Status Register is loaded at the 
conclusion of each frame transmission or 
retransmission attempt. It provides for the reporting of 
both the normal and error termina tion conditions of each 
transmission. 

The OLD/NEW status bit is set each time the Transmit 
Status Register is read, and reset each time new status 
is loaded into the Transmit Status Register. The 
OLD/ NEW status bit is SET, and all other bits 
CLEARED upon chip reset. 

Transmit Status Register Format 

7 6 5 4 3 2 10 Bit 



Transmit Underflow 
Transmit Collision 
16 Transmission Attempts 
Transmission Successful 

Old/New Status 



Receive Command Register 

The Receive Command Register has two primary 
functions, it specifies the Address f^atch Mode, and it 
specifies Frames-of-lnterest. i.e. frames whose arrival 
must be communicated to the CPU via interrupts and 
status register updates. Frames-of-lnterest are frames 
whose status must be saved for inspection, even at the 
expense of losing subsequent frames. 

Receive Command Register Format 

7 6 5 4 3 2 10 Bit 





X 


X 


X 










l_ 






1 













Interrupt on Overflow Error 
Interrupt on CRC Error 
Interrupt on Dribble Error 
Interrupt on Short Frame 
Interrupt on End of Frame 
interrupt on Good Frames 
Match Mode 
Match Mode 1 



Bits 0-5 specify Interrupt and Frame-of-l Merest when 
set. Bit 4, End of Frame, specifies any type of frame 
except overflow. 





Match 

Mode 

1 


Match 

Mode 




Function 











Receiver Disable 


1 





1 


Receive All Frames 


2 


1 





Receive Station or Broadcast 
Frames 


3 


1 


1 


Receive Station, 
Broadcast/Multicast Frames 



Changing the receive Match Mode bits during frame 
reception may change chip operation and give 
unpredictable results. 

Interrupt Enable and Frames-of-lnterest 

Bits 0-5 when set specify interrupt generation on 
occurrence of the corresponding frame reception 
condition. They also specify the corresponding types 
of frames to be Frames-of-lnterest for use by the 
Receive Status Register to control status loading. 

Receive Status Register 

The Receive Status Register is normally loaded with 
the status of each received frame when the frame has 
been received or frame reception has been terminated 
due to an error condition. In addition, this register 
contains the Old/ New Status bit which is set when the 
Receive Status Register is read or the chip is reset, and 
cleared only when new status is loaded for a Frame-of- 
Interest (as defined by bits 0-5 of the Receive 
Command Register). All other bits are cleared upon 
chip reset. 

Receive Status Register Format 

7 6 5 4 3 2 10 Bit 



1— Received Frame with Overflow 
Error 

— Received Frame with CRC Error 

— Received Frame with Dribble Error 

— Received Short Frame 

— Received End of Frame 

— Received Good Frame 

— Old/New Status 



The Old/New Status bit w rite-protects the Receive 
Status Register while it contains unread status for a 
Frame-of-lnterest. When this bit is zero, the register is 
w rite-protected. The Old/New Status bit is cleared 
whenever the status of a new Frame-of-lnterest is 
loaded into the Receive Status Register and is set after 
that status is read. When zero, it indicates "new status 
for a Frame-of-lnterest". 
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Thus the status of any frame received following the 
reception of a Frame-of- Interest will not be loaded into 
the Receive Status Register unless the previous status 
has been read. If any following frame is received 
before the status of the previous Frame-of-lnterest has 
been read, the new status will not be loaded, the 
Receive Discard (RxDC) signal will be issued and the 
Receive FIFO will be cleared. 

With this one exception caused by a write-protect 
condition, the status of each frame is always loaded 
into the Receive Status Register on completion of 
reception. 

Any frame received will cause an interrupt to be 
generated if the corresponding Interrupt Enable bit is 
set. This interrupt is reset upon reading the Receive 
Status Register. 

These conditions ensure that a maximum number of 
good frames are received and retained. 
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38 
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7 


34 


^CdSt1 


RxTxD2|^ 


8 
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9 


32 
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RxTxD4^ 


ID 


31 


JCdSt4 


RxTxDSl^ 


11 


30 


JCdStS 


RxTxD6^ 


12 


29 


jjcdste 


RxTxD7|^ 


13 


28 


5cdSt7 


TxC(^ 


14 


27 
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TxWRl, 


IS 


26 


jRxDC 


TxRDY|^ 


16 


25 


JINT 


RxTxEOF(;J 


17 


24 
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rxrdi; 


18 


23 


JRESET 
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22 


HjCSN 


vssq 


20 


21 


^RxD 



Figure 4. Pin Configuration 

Pin Description 

The EDLC chip has four groups of interface signals: 
• Power Supply • Data Buffer 



Encoder/ Decoder 



• Command/Status 



Power Supply 

Vcc +5V 

Vss Ground 

Encoder/Decoder Interface 

TxG Transmit Clock (Input): 10 MHz, 50% duty cycle 

transmit clock used to synchronize the transmit data 



from the EDLC chip to the encoder. This clock runs 
continuously, and is asynchronous to RxC. 

TxD Transmit Data (Output): Serial data output to the 
encoder. Active HIGH. 

JxEN Transmit Enable (Output): This signal is used to 
activate the encoder. It becomes active when the first 
bit of the Preamble is transmitted and inactive when 
the last bit of the frame is transmitted. Active HIGH and 
cleared by Reset. 

RxC Receive Clock (Input): 10 MHz, 50% duty cycle 
nominal. The receive clock is used to synchronize 
incoming data to the EDLC chip from the decoder. 
This clock runs continuously, and is asynchronous to 
fxC. 

RxD Receive Data (Input): Serial input data to the 
EDLC chip from the decoder. Active HIGH. 

CSN Carrier Sense (Input): Indicates traffic on the 
coaxial cable to the EDLC chip. Becomes active with 
the first bit of the Preamble received, and inactive one 
bit time after the last bit of the frame is received. Active 
HIGH. 

COLL Collision (Input): Indicates transmission 
contention on the Ethernet cable. The Collision input 
is latched internally. Sampled during transmission, 
Collision is set by an active high pulse on the COLL 
input and automatically reset at the end of 
transmission of the JAM sequence. 

Data Buffer Interface 

RxTxD (0-7) Receive/Transmit Data Bus (l/0):Carries 
Receive/Transmit data byte from/to the EDLC chip 
Receive/ Transmit FIFOs. 

RxTxEOF Receive/Transmit End of Frame (I/O): 

Indicates last byte of data on the Receive/ Transmit 
Data Bus. Effectively a ninth bit in the FIFOs with 
identical timing to RxTxD (0-7). Active HIGH. 

RxRDY Receive Ready (Output):lndicates that at least 

one byte of received data is available in the Receive 
FIFO. This signal will remain active high as long as one 
byte of data remains in the Receive FIFO. When this 
condition no longer exists, RxRDY will b e deas serted 
with respect to the leading edge of the RxRD strobe 
that removes the last byte of data from the Receive 
FIFO. RxRD should not be activated if RxRDY is low. 
Active HIGH and cleared by Reset. 



RxRD Receive Read Strobe (Input): Enables transfer 
of received data from the EDLC Receive FIFO to the 
RxTxD Bus. Data is valid from the EDLC Receive FIFO 
at the RxTxD pins on the rising edge of this signal. This 
signal should not be activated unless RxRDY is high. 
Active LOW. 
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RxDC Receive Discard (Output): Asserted when one 
of the following conditions occurs, and the associated 
Interrupt Enable bit in the Receive Command Register 
is reset. (1) Receive FIFO overflow. (2) CRC Error. (3) 
Short Frame Error. (4) Receive frame address non- 
match or (5) current frame status lost because 
previous status was not read. RxDC does not activate 
on errors when the associated Interrupt Enable bit is 
set. In this case, EOF will be generated instead when 
the Receive FIFO is read out. This allows reception of 
frames with errors. RxDC acts internally to clear the 
Receive FIFO. 

TxRDY Transmit Ready (Output): Indicates that the 
Transmit FIFO has space available for at least one data 
byte. This signal will remain active high as long as one 
byte of space exists for transmitted data to be written 
into. When this condition no longer exists, TxRDY will 
be deasserted with respect to the leading edge of the 
fxWR strobe that fills the Transmit FIFO. TxRDY is 
forced inactive during Reset, and when TxRET is 
active. Active HIGH. Goes high after Reset. 



TxWR Transmit Write (Input): Synchronizes data 
transfer from the RxTxD Bus to the Transmit FIFO. 
Data is written to the FIFO on the rising edge of this 
signal. This signal should not be active unless TxRDY 
is high. Active LOW. 

TxRET Transmit Retransmit (Output): Asserted when- 
ever either transmit underflow or transmit collision 
conditions occur. It is nominally 800 ns in width. Active 
HIGH. Asserted by Reset. 
TxRET clears the internal Transmit FIFO. 
Command/Status Interface 

CdSt (0-7) Command/Status Data Bus (I/O): These 
lines carry commands and status as well as station 
address initialization information between the EDLC 
chip and CPU. These lines are nominally high 
impedance until activated by CS and RD being 
simultaneously active. 



A0-A2 Address (0-2) (Input): Address lines to select 
the proper EDLC internal registers for reading or 
writing. 

CS Chip Select (Input): Chip Select input, must be 
active in conjunction with RD or WR to successfully 
access the EDLC internal registers. Active LOW. 

WD Read (Input): Enables reading of the EDLC 
internal registers in conjunction with CS. Data from 
the internal registers is enabled via the falling edge of 
RD and is valid on the rising edge of the signal. Active 
LOW. 

WR Write (Input): Enables writing of the EDL C internal 
registers in conjunction with CS. Write data on the 
CdSt (0-7) data lines must be set up relative to the 
rising edge of the signal. Active LOW. 

INT Interrupt (Output): Enabled as outlined above by a 
variety of transmit and receive conditions. Remains 
active until the status register containing the reason 
for the interrupt is read. Active HIGH. 



RESET (Input): Initializes control logic, clears 
command registers, clears the Transmit Status 
Register, clears bits 0-5 of the Receive Status Register, 
sets the Old/ New Status bit (bit 7 of the Receive Status 
Register), asserts RxDC and TxRET and clears the 
Receive and Transmit FIFOs. In addition, TxRDY is 
forced low during a reset. TxRDY goes high when 
RESET goes high, indicating the EDLC chip is ready to 
transmit. RESET is active LOW. 

Absolute Maximum Ratings 

Ambient Temperature 

Under Bias -10°C to +80°C 

Storage Temperature -65° C to +150° C 

All Input or Output Voltages 

with Respect to Ground +7 V to -0.5 V 

Pacl<age Maximum Power Dissipation ... 1.5 Watts 



DC Cfiaracteristics Ta = 0°C to 70° 


C, Vcc 


= 4.50 V to 5.50 V 






Symbol 


Paramater 


Limits^] 


Units 


Condition 


Min. 


Typ. 


Max. 


l|N 


Input Leakage Current 






10 


mA 


ViN = 0.45 V to 5.25 V 


lo 


Output Leakage Current 






10 


mA 


VoUT = 0.45 V to 5.25 V 


Ice 


Vcc Current 




150 


200 


mA 




VCH 


Clock Input High Voltage 


3.5 




Vcc + 1 


V 




Vol 


Clock Input Low Voltage 






0.8 


V 




ViL 


Input Low Voltage 






0.8 


V 




VlHi 


Input High Voltage 


2.0 




Vcc + 1 


V 


Except TxWR and 
RxRD 


V1H2 


Input High Voltage 


3.0 




Vcc + 1 


V 




TxWR and RxRD 


Vol 


Output Low Voltage 






0.4 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -40O nA 



NOTE: 

1 . Typical values are for Ta = 25° C and nominal supply voltages. 
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Operating Conditions 

Ambient Temperature Range 0°Cto70°C 

Vcc Power Supply 4.50 V to 5.50 V 

Capacitance Ta = 25° C, Fc^l MHz 



Symbol 


Parameter 


Maximum 


Condition 


CiN 


Input Capacitance 


15 pF 


ViN = V 


Ci/o 


I/O Capacitance 


15 pF 


Vi/0 = V 



AC Test Conditions 

Output Load: 1 Schottky TTL Gate +CL= 100 pF 

(All pins except TxEN, TxD) 

TxEN, TxD Load: 1 Schottky TTL Gate +CL = 35 pF 

Input Pulse Level: 0.4 V to 2.4 V 

Timing Reference Level: 1.5 V 



A.C. Characteristics Ta = 0°C to 70° C, Vcc = 4.50 V to 5.50 V 



Symbolis] 


Parameter 


Limits 


Units 
(ns) 


Condition 


Min. 1 Typ. | Max. 


DATA AND COMIMAND/STATUS INTERFACE TIMING 


TDBD 


RxTx/CdSt Bus Data Delay 






150 


ns 




TDBR 


RxTx/CdSt Bus Release Delay 


10 






ns 




TDBS 


RxTx/CdSt Bus Seizure Delay 


10 




150 


ns 




TORY 


RxRDY/TxRDY Clear Delay 






100 


ns 




THAR 


Ao-2/CS Hold 


10 






ns 




THDA 


RxTx/CdSt Bus Hold 









ns 




THRW 


RxRD/TxWR Hold 









ns 




TSAR 


A0-2/CS Setup 









ns 




TSCS 


GdSt Bus Setup 


90 






ns 




TSRT 


RxTx Bus Setup 


90 






ns 




TWCH 


RxRD/TxWR/Rb//WR High Width 


100 






ns 




TWCL 


RxRD/TxWR/RD/WR Low Width 


100 






ns 






SERIAL TRANSMIT AND RECEIVE INTERFACE TIMING 


TDDC 


RxDC Set Delay 


800 






ns 


Notel 


TDIC 


INT Clear Delay 






150 


ns 




TORE 


TxRET Set Delay 


2400 






ns 


Note 3 


TDRI 


Receive INT Delay 


1000 






ns 


Note 2 


TDTD 


TxD/TxEN Delay 


20 




60 


ns 


CI = 35 pF 


TDTl 


Transmit INT Delay 


1200 






ns 


Note 4 


THRD 


RxD Hold 


20 






ns 




TPCK 


RxC/TxC Clock Period 


95 




1000 


ns 




TSRD 


RxD Setup 


30 






ns 




TWDC 


RxDC High Width 


600 






ns 




TWRC 


RxC High/Low Width 


45 






ns 




TWRE 


TxRET High Width 


600 






ns 




TWRS 


RESET Low Width 


10,000 






ns 




TWTC 


TxC High/Low Width 


45 






ns 




TWCO 


COLL Width 


50 






ns 





NOTES: 

1 . For frame reception with Shortf rame or CRC Error. If frame reception is terminated due to Overflow, RxDC will be issued within 1 .2 ns 
of Overflow. If frame reception is terminated due to non-match of address, RxDC will be issued within 2.4 /is of the receipt of the last 
address bit. 

2. Normal frame reception without Overflow. If frame reception is terminated due to Overflow, INT will be issued within 1 .2 /us of Overflow. 

3. For TxRET caused by Collision or 16 Collision condition. If transmission is terminated due to Underflow TxRET will be issued within 
1 .2 /xs of the Underflow. 

4. For INT caused by Collision or 16 Collision condition. If caused by Underflow, INT will be issued within 1.2 /us. If caused by normal 
termination, INT will be issued within 200 ns of TxEN going LOW. 

5. Italics indicate input requirement, non-italics indicate output timing. 
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TRANSMIT DATA INTERFACE TIMING 
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COMMAND/STATUS INTERFACE TIMING 
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NOTE 1: BUS IS DRIVEN AT THIS TIME. HOWEVER, NO VALID INFORMATION PRESENT. 
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Ordering and Package Information 

NUMBI 
8003 

X, 



PART NUMBER 
D Q 8003 



■ PRODUCT: EDLC" IC 

- TEMPERATURE RANGE: 0° C TO 70° C 

- PACKAGE: CERDIP 



SERIAL RECEIVE INTERFACE TIMING 



7^^V_7^^^ 



)( 



y ^^ 



TDDC— ►-• TWDC- 



\ 



«-TDIC-^| 



40-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 




NOTES: 

1. FOR SOLDER DIPPED LEADS, 
THICKNESS WILL BE .020 MAX. 



ALL DIMENSIONS IN INCHES AND (MILLIMETERS) 



2.030 (51.562) 



5 




.180 ( 4.572 ) 
.140 (3.556) 

.040 ( 1.016 ) 
.020 (0.508) 



( 0.508 ) J I . VIO ( 2.794 ) 

(0.406) n r .090 (2.286) 



.125 MIN 
(3.175) 
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I .620 ( 5.748 ) 
.600 (5.240) 



I' ' ' — ^\\ .012 (:305) 

jL- REF :2: .— -r" .008 (.203) 
I ™' I SEE NOTE 1 



.700 ( 17.780 ) 
.620 (15.748) 




8023A 

MCC™ Manchester 
Code Converter 



August 1985 



Features 

■ Compatible with IEEE 802.3 and Ethernet 
Rev. 1 Specification 

■ Compatible with the 8003 EDLC" and Intel 
82586 LAN Controller 

■ Directly Replaces SEEQ 8002 and 8023 

■ Manchester Data Encoding/Decoding and 
Receiver Ciocic Recovery with Phase Locked 
Loop (PLL) 

■ Receiver and Collision Squelch Circuit and 
Noise Rejection Filter 

■ Differential TRANSMIT Cable Driver 

■ Loopback Capability for Diagnostics and 
Isolation 

■ Fail-Safe Vfytchdog Timer Circuit to Prevent 
Continuous Transmission 

■ 20 MHz Crystal Oscillator 

■ Transceiver Interface High Voltage (16 V) 
and Low Voltage Short Circuit Protection 

■ Low Power CMOS Technology with Single 
5V Supply 

■ 20 pin DIP Package 



Description 

The SEEQ 8023A Manchester Code Converter chip 
provides the Manchester data encoding and decod- 
ing functions of the Ethernet Local Area Network 
physical layer It interfaces to the SEEQ 8003 Ethernet 
Data Link Controller or to the Intel 82586 LAN Con- 
troller and any standard Ethernet transceiver as de- 
fined by IEEE 802.3, and Ethernet Revision 1. 

The SEEQ 8023A MCC" is a functionally complete 
Encoder/ Decoder including ECL level balanced driver 
and receivers, on board oscillator, analog phase 
locked loop for clock recovery and collision detection 
circuitry. In addition, the 8023A includes a 25 milli- 
second watchdog timer, a 4.5 microsecond window 
generator, and a loopback mode for diagnostic oper- 
ation. 

Together with the 8003 and a transceiver, the 8023A 
Manchester Code Converter provides a high perfor- 
mance minimum cost interface for any system to 
Ethernet. 



Functional Block Diagram 
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Figure 1. 8023A MCC™ Manchester Code Converter Block Diagram. 
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Functional Description 

The 8023 A Manchester Code Converter chip has two 
portions, transmitter and receiver. The transmitter 
uses Manchester encoding to combine the dock and 
data into a seriai stream. It aiso differentialiy drives 
up to 50 meters of tv\fisted pair transmission line. The 
receiver detects the presence of data and collisions. 
The 8023A MCC™ recovers the Manchester encoded 
data stream and decodes it into clock and data 
outputs. Manchester Encoding is the process of 
combining the clock and data stream so that they 
may be transmitted on a single twisted pair of wires, 
and the clock and data may be recovered accurately 
upon reception. Manchester encoding has the unique 
property of a transition at the center of each bit cell, a 
positive going transition for a "1", and a negative 
going transition for a "0" (See Figure 2). The en- 
coding is accomplished by exIusive-ORing the clock 
and data prior to transmission, and the decoding by 
deriving the clock from the data with a phase locked 
loop. 

Clock Generator 

The internal oscillator is controlled by a 20 MHz 
parallel resonant crystal or by an external clock on 
XI. The 20 MHz clock is then divided by 2 to gener- 
ate a 10 MHz ±0.01% transmitter clock. Both 10 MHz 
and 20 MHz clocks are used in Manchester data 
encoding. 

Manchester Encoder and Differential Output Driver 

The encoder combines clock and data information 
for the transceiver. In Manchester encoding, the first 
half of the bit cell contains the complementary data 
and the second half contains the true data. Thus, a 
transition is always guaranteed in the middle of a bit 
cell. 



Data encoding and transmission begin with TxEN 
going active; the first is always positive for Tx(-) and 
negative for Tx(+). In IEEE mode, at the termination 
of a transmission, TxEN goes inactive and transmit 
pair approach to zero differential. In Ethernet mode, 
at the end of the transmission, TxEN goes inactive 
and transmit pair stay differentially high. The transmit 
termination can occur at bit cell center if the last bit 
is a one or at a bit boundary if the last bit is a zero. 
To eliminate DC current in the transformer during 
idle, Tx ± is brought to 100 mV differential in 600 ns 
after the last transition (IEEE mode). The back swing 
voltage is guaranteed to be less than .1 V. 

Watchdog Timer 

A 25 ms watchdog timer i s built on chip. It can be 
enabled or disabled by the LPBK/WDTD signal. The 
timer starts counting at the beginning of the trans- 
mission. If TxEN goes inactive before the timer 
expires, the timer is reset and ready for the next 
transmission. If the timer expires before the trans- 
mission ends, transmission is aborted by disabling 
the differential transmitter. This is done by idling the 
differential output drivers (differential output voltage 
becomes zero) and deasserting CSN. 

Differential Input Circuit (Rx+ and Rx-, COLL+ and 
COLL-) 

As shown in Figure 3, the differential input for Rx+ 
and Rx- and COLL+ and COLL- are externally ter- 
minated by a pair of 39.2 O ± 1% resistors in series 
for proper impedance matching. 
The center tap has a 0.01 /jF capacitor, tied to 
ground, to provide the AC common mode impedance 
termination for the transceiver cable. 
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Figure 2. Manchester Coding 



Figure 3. Differential Input Terminator 
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Both collision and receiver input circuits provide a 
static noise margin of -140 mV to -300 mV (peak 
value). Noise rejection filters are provided at both 
input pairs to prevent spurious signals. For the re- 
ceiver pair, the range is 15 ns to 30 ns. For the 
collision pair, the range is 10 ns to 18 ns. The D.C. 
threshold and noise rejection filter assure that differ- 
ential receiver data signal less than -140mV in ampli- 
tude or narrower than 15 ns (10 ns for collision pair) 
is always rejected, signal greater than -300 mV and 
wider than 30 ns (18 ns for collision pair) is always 
accepted. 

Manchester Decoder and Clock Recovery Circuit 
The filtered data is processed by the data and clock 
recovery circuit using a phase-locked loop technique. 
The PLL is designed to lock onto the preamble of the 
incoming signal with a transition width asymmetry not 
greater than +8.25 ns to -8.25 ns within 12 bit cell 
time worst case and can sample the incoming data 
with a transition width asymmetry of up to +8.25 ns 
to -8.25 ns. The RxC high or low time will always be 
greater than 40 ns. If M0DE2 is high or floating, RxC 
will be held low for 1.2 ns maximum while the PLL is 
acquiring lock. If M0DE2 is low, RxC follows TxC 
for the first 1.2 (jls and then switches to the recov- 
ered clock. In addition, the Encoder/Decoder asserts 
the CSN signal while it is receiving data from the 
cable to indicate the receiver data and clock are valid 
and available. At the end of frame, after node just 
finished transmitting, CSN is deasserted and will not 
be asserted again for a period of 4.5 /js regardless of 
the state of the receiver pair or collision pair This is 
called the inhibit period. There is no inhabit period 
after packet reception. Also, RxD is held low if l^0DE2 
is low or high if MODE 2 is high and RxC reverts to 
TxC. During clock switc hing, RxC may stay high for 
200 ns maximum. (RxC stays low for 200 ns maxi- 
mum, 40 ns minimum). 
Collision Circuit 

A collision on the Ethernet cable is sensed by the 
transceiver. It generates a 10 MHz ±15% differential 
square wave to indicate the presence of the collision. 
During the collision period, CSN is asserted asynchro- 
nously with RxC. However, if a collision arrives during 
inhabit period 4.5 /js from the time CSN was deassert- 
ed. CSN will not be reasserted. 

Loopback 

In loopback mode, encoded data is switched to the 
PLL instead of Tx+/Tx- signals. The recovered data 
and clock are returned to the Ethernet Controller. All 
the transmit and receive circuits, including noise rejec- 
tion filter, are tested except differential output driver 
and differential input receiver circuits which are dis- 



abled during loopback. At the end of frame transmis- 
sion, the 8023A also generates a 650 ns long COLL 
signal 550 ns after CSN was deasserted. The watch- 
dog timer remains enabled in this mode. 
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Figure 4. Pin Configuration 



Pin Description 

The MCC* chip signals are grouped Into four 
categories: 

• Power Supply and Clock 

• Controller Interface 

• Transceiver Interface 

• Miscellaneous 

Power Supply 

Vcc +5V 

Vss •• Ground 

X1 and X2 Clock (Inputs): Clock Crystal: 20 MHz 
crystal oscillator input. Alternately, pin XI may be 
used as a TTL level input for external timing by float- 
ing pin X2. 

Contr oller Interface 

RxC (RxC) Receive Clock (Output): This signal Is 
the recovered clock from the phase decoder circuit. 
It is switched to TxC when no incoming data is 
present from which a true receive clock is derived. 
10 MHz nominal and TTL compatible. If the M0DE2 
signal is high, RxC is inverted (RxC) and there is a 
1.25 usee discontinuity at the beginning of frame 
reception. 

RxD Receive Data (Output) : The RxD signal is the 
recovered data from the phase decoder. During idle 
periods, the RxD pin is LOW under normal condi- 
tions. However, if the M0DE2 signal is HIGH, the 
RxD output will be HIGH during idle. TTL compati- 
ble. Active HIGH. 
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CSN (CSN) Carrier Sense (Output): The Carrier 
SenseSlgnal indicates to ttie controller that there is 
activity on the coaxial cable. It is asserted when 
receive data is present or when a collision signal is 
present. It is deasserted at the end of frame or at the 
end of collision, whichever occurs later. It is asserted 
or deasserted synchronously with RxC. TTL compat- 
ible. Normally activ e HIGH, unless M0DE2 is HIGH, 
in which case CSN is active LOW. 

TxC Transmit Clock (Output): A 10 f^Hz signal 
derived from the internal oscillator. This ciocl< is 
always active. TTL compatible. 

TxD Transmit Data (Input): TxD is the serial input 
data to be tra nsmitted. The data is clocked into the 
hACC by TxC. Active HIGH, TTL compatible. 

TxEN (TxEN) Transmit Enable (Input): Transmit 
Enable, when asserted, enables data to be se nt to 
the cable. It is asserted synchronously with TxC. 
TxEN goes active with the first bit of transmission. 
TTL compatible. If M0DE2 is HIGH, TxEN is 
inverted. 



COLL (COLL) Collision (Output): When asserted, 
indicates to the controller the simultaneous trans- 
mission of two or more stations on network cable. 
TTL compatible. If M0DE2 is HIGH, COLL is inverted. 

Transceiver Interface 

Rx+ and Rx- DItferentlal Receiver Input Pair (Input): 

Differential receiver input pair which brings the 
encoded receive data to the 8023A. The last transi- 
tion is always positive-going to indicate the end of 
the frame. 

COLL+ and COLL- Differential Collision Input Pair 
(Input): This is a 10 MHz ±75% differential signal 
from the transceiver indicating collision. The duty 
cyclp should not be worse than 60%/40'>/o —40%/60%. 
The last transition is positive-going. 

Tx* and Tx- Differential Tiansmlt Output Pair (Out- 
put): Differential transmit pair which sends the en- 
coded data to the transceiver The cable driver buffers 
are source follower and require external 243 Q resis- 
tors to ground as loading. 200 ns following the last 
transition, the differential voltage is slowly reduced to 
zero volts in 8 /js to limit the back swing of the 
coupling transformer to less than 0.1 V. 



Miscellaneous 

M0DE1 (Input): This pin is used to select between 
AC or DC coupling. When it is tied high or left 
floating, the output drivers provide differential zero 
signal during idle (IEEE 802.3 specification). When 
pin 1 is tied low, then the output is differentially high 
when idle (Ethernet Rev. 1 specification). 

M0DE2 (Input): The M0DE2 Input signal is normally 
active LOW. In this configuration, the 8023A operates 
in a mode compatible with the SEEQ 8003. An alter- 
nate mode of operation may be achieved by con- 
figuring the MODE signal active HIGH, or by allowing 
it to float HIGH with its internal pullup. In this configu- 
ration, RxC, TxEN, CSN and COLL become active 
LOW. In addition, RxD is HIGH during idle, and RxC 
has a 1.2 /js discontinuity during signal acquisition. 

LPBK/WDTD Loopback/Watchdog Timer Disable 

(Input): 

Normal Operation: For normal operation this pin 

should be HIGH or tied to l/cc- '" normal operation 

the watchdog timer is enabled. 




Figure 5. 8023A Interface 
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Loopback: When this pin is brought low, the Man- 
chester encoded transmit data from TxD and TxC is 
routed through the receiver circuit and sent bacl< 
onto the RxD and RxC Pins. During loopbaci<, Colli- 
sion and Receive data inputs are ignored. The trans- 
mit pair is idled. At the end of transmission, the signal 
quality error test (SQET) will be simulated by asserting 
collision during the inhibit window. During loopback, 
the watchdog timer is enabled. 
Watchdog Timer Disable: When this pin is between 
10 V (Min.) and 16 V (Max.), the on chip 25 ms 
Watchdog Timer will be disabled. The watchdog 
timer is used to monitor the transmit enable pin. If 
TxEN is asserted for longer than 25 ms, then the 
watchdog timer (if enabled) will automatically deas- 
sert CSN and inhibit any further transmissions on 
the Tx+ and Tx- lines. The watchdog timer is auto- 
matically reset each time TxEN is deasserted. 

Interconnection to a Data Link Controiler 

Figure 6 shows the interconnections between the 
8023 A MCC" and SEEQ's 8003 EDLC". There are 
three connections for each of the two transmission 
channels, transmit and receive, plus the Collision 
Signal line (COLL). 

Transmitter connections are: 

Transmit Data, TxD 
Transmit Clock, TxC 
Transmit Enable, TxEN 
Collision, COLL 

Receiver connections are: 

Receive Data, RxD 
Receive Clock, RxC 
Carrier Sense, CSN 



Compatibility with Other LAN Controllers 

SEEQ's 8023A is compatible with other LAN Con- 
trollers, such as the 82586, when Pin 2 (M0DE2) of 
the 8023A is floating or tied to Vqc- In this mode of 
operation, timing and polarity on the controller inter- 
face lines are compatible, with the 82586 specifica- 
tion dated March 1984. 

Use of Time Domain Reflectometry in the 82586 is 
not recommended since the TDR transmission does 
not have a valid preamble. 

D.C. andA.C. Characteristics and Timing 
Crystal Specification 

Resonant Frequency (Cl = 20 pF) 20 MHz 

±0.005% 0-70° C 
and ±0.003% at 25° C 

Type Fundamental Mode 

Circuit Parallel Resonance 

Load Capacitance (Ci_) 20 pF 

Shunt Capacitance (Co) 7 pF Max. 

Equivalent Series Resistance (R1) 25 D. Max. 

Motional Capacitance (CI) 0.02 pF Max. 

Drive Level 2 mW 
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Figure 6. Interconnection of 8023A and 8003 
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Absolute Maximum Ratings* 

storage Temperature -65° C to 150° C 

All Input and Output Voltage -0.3 to Vcc +0.3 

Vcc -0.3 to 7V 

(Rxt, Tx±, COLL+) High Voltage 
Short Circuit Immunity -0.3 to 16V 

D.C. Characteristics Ta = 0» C -70" C; Vcc = 5 V ± 1 0% 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Conditions 


IlL 


Input Leakage Current (except M0DE1, 

MODE 2 Receive and Collision Pairs) 

M0DE1 and M0DE2 Input Leakage 

Current 

Receive and Collision Pairs (Rx±, 

COLL±) Input Leakage Current 




10 

200 
2 


mA 

mA 


< ViN ^ Vcc 

0<V|N<VCC 
V|N = 


Ice 


Vcc Current 




100 


mA 




ViL 


TTL Input Low Voltage 


-0.3 


0.8 


V 




VlH 


TTL Input High Voltage (except XI ) 


2.0 


Vcc 


V 






X1 Input High Voltage 


3.5 


Vcc 


V 




Vol 


TTL Output Low Voltage except TxC 
TxC Output Low Voltage 




0.4 
0.4 


V 
V 


iOL = 2.1 mA 
lOL = 4.2 mA 


Vqh 


TTL Output High Voltage (except 
RxC, TxC, RxD 

RxC, TxC, RxD Output High Voltage 


2.4 
3.9 




V 
V 


lOH = -400 mA 
lOH = -400 mA 


VODF 


Differential Output Swing 


±0.55 


±1.2 


V 


78n Termination Resistor and 
243n Load Resistors 


VOCM 


Common Mode Output Voltage 


Vcc -2,5 


Vcc-1 


V 


78a Termination Resistor and 
243n Load Resistors 


Vbksv 


Tx± Backswing Voltage During Idle 




0.1 


V 


Shunt inductive load > 27 /iH 


ViDF 


Input Differential Voltage 
(measured differentially) 


±0.3 


±1.2 


V 




ViCM 


Input Common Mode Voltage 





Vcc 


V 




ClN 


Input Capacitance 




15 


PF 




COUT 


Output Capacitance 




15 


PF 





A.C. Test Conditions 

Output Loading TTL Output: 
Differential Output: 

Differential Signal Delay Time Reference Level: 
Differential Output Rise and Fall Time: 
RxC, TxC, XI High and Low Time: 

RxD, RxC, TxC, X1 Rise and Fall Time: 
TTL Input Voltage (except XI): 
XI Input Voltage: 
Differential Input Voltage: 
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1 TTL gate and 20 pF capacitor 

2430. resistor and 10 pF capacitor from each pin to Vss and 
a termination 78Cl resistor load resistor in parallel with a 
27 nH inductor between the two differential output pins 

50% point of swing 

20% to 80% points 

High time measured at 3.0V 
Low time measured at 0.6V 

Measured between 0.6V and 3.0V points 

0.8V to 2.0V with 20 ns rise and fall time 

0.8V to 3.5V with 5 ns rise and fall time 

At least 300 mVwith rise and fall time of 10 ns measured 
between -0.2V and +0.2V 
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Transmit Timing Ta = 0° C -70° C; Vcc = 5 V ± 1 0% 



Symbol 


Parameter 


Min. 


Max. 


Units 


te 


TxC Cycle Time 


99.99 


100.01 


ns 


t7 


TxC High Time 


40 




ns 


k 


TxC Low Time 


40 




ns 


t9 


TxC Rise Time 




5 


ns 


tio 


TxC Fall Time 




5 


ns 


til 


TxEN Setup Time if Mode2=0 
TxEN Setup Time if Mode 2=1 


55 




ns 


tl2 


TxD Setup Time if Mode2=0 
TxD Setup Time if Mode2=1 


40 
55 




ns 
ns 


tl3 


Bit Center to Bit Center Time 


99.5 


100.5 


ns 


tl4 


Bit Center to Bit Boundary Time 


49.5 


50.5 


ns 


tl5 


Tx+ and Tx- Rise Time 


49.5 


5 


ns 


tl6 


Tx+ and Tx- Fall Time 




5 


ns 


tl7 


Transmit Active Time From The Last 
Positive Transition 


200 




ns 


tl7A 


From Last Positive Transition of the Transmit 
Pair to Differential Output Approaches 


400 


600 


ns 


tl7B 


From Last Positive Transition of the 
Transmit Pair to Differential Output 
Approaches Within 40 mV of V 




7000 


ns 


tl8 


Tx+ and Tx- Output Delay Time 




65 


ns 


tl9 


TxD Hold Time if Mode2=0 
TxD Hold Time if Mode2=1 


5 





ns 
ns 


^20 


TxEN Hold Time if Mode2=0 
TxEN Hold Time if Mode1=1 


5 





ris 
ns 
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Figure 7. Transmit Timing 



Technology, Incorporated 



3-24 



8023A 



Receive Timing Ta = 0° C -70° C; Vcc = 5 V ± 1 0% 



Symbol 


Parameter 


Min. 


Max. 


Units 


t21 


CSN Asserts Delay Time 




240 


ns 


t22 


CSN Deasserts Delay Time (measured 
from Last Bit Boundary) 




240 


ns 


t23 


CSN Asserts and Deasserts Delay Time 


30 


70 


ns 


t23A 


CSN Deassertion Delay Time 


10 


35 


ns 


t24 


RxD Delay Time 


30 


70 


ns 


t26 


RxC, RxC Rise and Fall Time 




5 


ns 


t27 


During Clock Switch RxC Keeps High, 
RxC Keeps Low Time 


40 


200 


ns 


t28 


RxC, RxC High and Low Time 


40 




ns 


t29 


RxC, RxC Clock Cycle Time (during 
data period) 


95 


105 


ns 


t30 


CSN Inhibit Time (on Transmission 
Node only) 


4.3 


4.6 


MS 


t31 


Rx+/Rx- Rise and Fall Time 




10 


ns 


t32 


RxC Held Low Duration from First Valid 
Negative-Going Transition 


1.15 


1.35 


MS 


t33 


RxC Stops Delay Time from First Valid 
Negative-Going Transition 




240 


ns 


t34 


Rx+/Rx- Begin Return to Zero from Last 
Positive-Going Transition 


160 




ns 


t35 


RxD Rise Time 




10 


ns 


t36 


RxD Fall Time 




10 


ns 
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Collision Timing 


Ta = 0° C -70° C; Vcc = 5 V ± 10% 








Symbol 


Parameter 


MIn. 


Max. 


Units 


t51 


COLL+/COLL— Cycle Time 


86 


118 


ns 


t52 


COLL+/COLL— Rise and Fall Time 




10 


ns 


t53 


COLL+/COLL— High and Low Time 


35 


70 


ns 


t54 


COLL+/COLL— Width (measured at -0.3V) 


26 




ns 


t55 


COLL Asserts Delay Time 




100 


ns 


t56 


COLL Deasserts Delay Time 




180 


ns 


t57 


CSN Asserts Delay Time 




200 


ns 


t58 


CSN Deasserts Delay Time 




280 


ns 



Notes: 

1. COLL+ and COLL- asserts and deasserts COLL, asynchronously, and asserts and deasserts CSN synchronously with RxC. 

2. If COLL+ and COLL- arrives within 4.5/us from the time CSN was deasserted; CSN will not be reasserted (on transmission node only). 

3. When COLL+ and COLL- terminates, CSN will not be deasserted if Rx+ and Rx- are still active. 

4. When the node finishes transmitting and CSN is deasserted, it cannot be asserted again for 4.5 //s. 

5. If MODE2 = 1, then COLL and CSN are inverted. 
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20 MHz TTL Clock Input Timing Ta = 0° C 


-70°C;Vcc = 5V±10% 






Symbol 


Parameter 


Min. 


Max. 


Units 


ti 


XI Cycle Time 


49.995 


50.005 


ns 


t2 


X1 High Time 


IS 




ns 


t3 


X1 Low Time 


15 




ns 


t4 


XI Rise Time 




5 


ns 


t5 


XI Fall Time 




5 


ns 


te 


XI to TxC Delay Time 


10 


30 


ns 



V_7~\_r^ 



4^ 



^ 



Figure 12. 20 MHz TTL Cloclc Timing 
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8023A 



Loopback Timing Ta = 0° C -70° C; Vcc = 5 V ± 1 0% 



Symbol 


Parameter 


Min. 


Max. 


Units 


t61 


LPBK Setup Time 


500 




ns 


t62 


LPBK Hold Time 


5 




MS 


t63 


In Collision Simulation, COLL Signal 
Delay Time 


475 


625 


ns 


t64 


COLL Duration Time 


600 


750 


ns 



Note: 

1. PLL needs 12-bit cell times to acquire lock, RxD is invalid during this period. RxC is low for 1.2 ^us (max), RxD = if M0DE2 = 0. 
RxD=1 if MODE2 = 1. 





f 



UVIAH 



'■r I "0" I "1" I "0" I "0" I "1 



\_r\ 



(NOTE 1) 



j\f\j\j\j\f\r\j\f\f\. 



r 



\ 



■■1" I "0" I "1" 



I "V 



.J^i-TX^S^^ 



Figure 13. Loopback Timing 
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8023A 




cecL 



^Pifxr^ifvrvrjyrvr 



\ 



I 



-ii— 



I "V I •■0" I "1" 



\_n^ 



Figure 14. Loopback Timing — (Cont.) 
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8023A 



Ordering and Package Information 



PART NUMBER 

O Q 8023 



T 



PRODUCT: MCC" MANCHESTER CODE CONVERTER 
TEMPERATURE RANGE: 0° C TO 70° C 
PACKAGE: CERDIP 



20-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



0.965(24.511) 



0.935 (23.749) 





0.220 MAX. 
(5.588) 

SEATING I 

PLANE 




L_ 0.325 (8.255)_i 
5385(7.747) 






1 






9 


.. . 




^ 



(3.175) 




O-ZIO' 
- REF. 



NOTES: 

1. FOR SOLDER DIPPED LEADS, THICKNESS WILL BE 0.020 MAX. 

2. ALL DIMENSIONS ARE IN INCHES AND (MILLIMETERS). 
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SECTION 4 



MILITARY AND INDUSTRIAL 
TEMPERATURE RANGE 




M2764/M27128 

(Military Temperature Range) 

E2764/E27128 

(Extended Temperature Range) 

2764/27128 UV EPROM 



June 1985 



Features 

■ Military and Extended Temperature Range 
55 to +125° C: M2764 (5133) 

55 to +125° C: M27128 (5143) 

40 to +85° C: E2764/E27128 

■ 250 ns Access Times at -55 to 125° C 

■ Programmed Using Intelligent Algorithm 
u 21 V Vpp Programming Voltage 

■ JEDEC Approved Bytewide Pin 
Configuration 

— 2764 8K X 8 Organization 

— 27128 16K X 8 Organization 

■ Low Power Dissipation 

— 120 mA Active Current 

— 40 mA Standby Current 

■ Silicon Signature^" 



Block Diagram 



Mode Selection 



Description 

SEEQ's 2764 (5133) and 27128 (5143) are ultraviolet 
light erasable E PRO Ms which are organized 8K x 8 
and 16K X 8 respectively. They are specified over 
the military and extended temperature range and 
have access times as fast as 250 ns over the Vqc 
tolerance range. The access time is achieved without 
sacrificing power since the maximum active and 
standby currents are 120 mA and 40 mA respectively. 
The 250 ns allows higher system efficiency by elimi- 
nating the need for wait states in today's 8- or 16-bit 
microcomputers. 

Pin Configurations 

DUAL-IN-LINE 
TOP VIEW 



LEADLESS CHIP CARRIER 
BOTTOM VIEW 








2764/27128 






\J 




VppI; 


1 




28 


A.^ 


2 




27 


A.(, 


3 




26 


Aet 


4 




25 


Ast 


5 




24 


A.i; 


6 




23 


Ast 


7 




22 


A.^ 


8 




21 


A,^ 


9 




20 


Aol^ 


10 




19 


Oot 


11 




18 


ct 


12 




17 


o.t 


13 




16 


gnd|^ 


14 




15 




PIN 26 IS A NO CONNECT 
ON THE DIP 2764 



PIN 30 IS A NO CONNECT 
ON THE LCC 2764 



--~,,,,.^^ PINS 

MODE^ — ~-._^ 


CE 
(20) 


OE 
(22) 


PGM 
(27) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13,15-19) 


Read 


ViL 


ViL 


VlH 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


ViL 


Vpp 


Vcc 


Din 


Program Verify 


ViL 


ViL 


VlH 


Vpp 


Vcc 


DouT 


Program Inhibit 


VlH 


X 


X 


Vpp 


Vcc 


HighZ 


Silicon Signature"* 


ViL 


ViL 


VlH 


Vcc 


Vcc 


Encoded 
Data 



Pin Names 



Ac 


ADDRESSES — COLUMN (LSBi 


Ar 


ADDRESSES — ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 


PGM 


PROGRAM 



X can be either Vil otVih 

"For Silicon Signature™: Aq-Aj is toggled. A4 = V|l7, Ag = 12V, all other addresses are at any TTL level. 
Silicon Signature™ is a registered trademark of SEEQ Technology. 
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Initially, and after erasure, all bits are in the "1" 
state. Data is programmed by applying 21 V to Vpp 
and a TTL "0" to pin 27 (program pin). They may be 
programmed with an intelligent algorithm that is 
now available on commercial programmers. This 
faster time improves manufacturing throughput time 
by flours over conventional 50 ms algorithms. Com- 
mercial programmers (e.g. Data I/O, Pro-log, Digelec, 
Kontron, and Stag) have implemented this fast 
algorithm for SEEQ's EPROI^s. If desired, the 27128 



M2764/M27128 
E2764/E27128 

and the 2764 may be programmed using the conven- 
tional 50 ms programming specification of older 
generation EPROMs. 

Incorporated on the 27128 and 2764 is Silicon Signa- 
ture™. Silicon Signature contains encoded data 
which identifies SEEQ as the EPROM manufacturer, 
and programming information. This data is encoded 
in ROI^ to prevent erasure by ultraviolet light 



Absolute Maximum Ratings 

Temperature 

Storage -65° C to +1 50° C 

Under Bias -65° C to +135° C 

All Inputs or Outputs with 

Respect to Ground +7V to -0.6V 

Vpp During Programming with 

Respect to Ground +22V to -0.6V 

Voltage on Ag with 

Respect to Ground +75.51/ to -0.6V 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not Implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



Recommended Operating Conditions 





M2764-25, M2764-45 
M27128-25, M27128-35 


E2764-35 
E27128-25 


Vcc Supply Voltagelil 


5V±10% 


5V±10% 


Temperature Range (Read Mode) 


-55 to 1 25° C 


^0to85°C 


Vpp During Programming 


21 ± 0.5 V 


21 ± 0.5 V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


IMin. 


IMax. 


llN 


Input Leakage Current 




10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


lpp|2| 


Vpp Current Read Mode 




5 


mA 


Vpp = Vcc Max. 


Prog. Mode (25° C) 




30 


mA 


Vpp = 21.5V 


ICCll2| 


Vcc Standby Current 




40 


mA 


CE = ViH 


ICC2l21 


Vcc Active Current 




120 


mA 


CE = OE=ViL 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -40Q mA 



NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current Is the sum of Ice and Ipp. 
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AC Operating Characteristics During Read 



M2764/M27128 
E2764/E27128 



Symbol 


Parameter 


Limits (nsec) 


Test 
Conditions 


2764-25 
27128-25 


27128-35 


2764-45 


IVIin. 


Max. 


iVIin. 


Max. 


Min. 


Max. 


tACC 


Address to Data Valid 




250 




350 




450 


CE = OE = ViL 


tCE 


Chip Enable to Data Valid 




250 




350 




450 


OE = ViL 


toEl^J 


Output Enable to Data Valid 




100 




125 




150 


CE = ViL 


tDF[1,3] 


Output Enable to Output Float 





85 





105 





130 


CE = ViL 


tOH 


Output Hold from Chip Enable, 
Addresses, or Output Enable, 
whichever occurred first 

















CE = OE = ViL 



Capacitance^^ ^ 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


PF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



Equivalent A.C. Test Conditions^^^ 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



ADDRESSES 



X 



\ 



ADDRESSES 
VALID 



-tcE- 



\ 



-WW- 



^ 



-•acc- 



ZZK 



VALID OUTPUT 



-t„J1,3]. 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED TOJacC r^'OE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON IacC- 

3. iDF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER. 
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M2764/M27128 
E2764/E27128 



Erasure Characteristics 

The 2764 and 27128 are erased using ultraviolet light 
which has a wavelenght of 2537 Angstroms. The 
integrated dose, i.e., intensity x exposure time, for 
erasure is a minimum of 15 watt-second I cm^. The 
EPROhA should be placed within one inch of the 
lamp tube during erasure. Table 1 shows the typical 
EPROM erasure time for various light intensities. 

Table 1. Typical EPROM Erasure Time 



Light Intensity 
(Micro-Watts/cm2) 


Erasure Time 
(Minutes) 


15,000 


20 


10,000 


30 


5,000 


55 



Silicon Signature™ 

Incorporated in SEEQ's EPROMs is a row of mask 
programmed read only memory (ROM) cells which is 
outside of the normal memory cell array. The ROI\/l 
contains the EPROM's Silicon Signature. Silicon Sig- 
nature contains data which identifies SEEQ as the 
manufacturer and gives the product code. Silicon Sig- 
nature allows programmers to match the programming 
specification against the product which is to be pro- 
grammed. If there is verification, then the programmer 
proceeds programming. 



Silicon Signature is activated by raising address Ag to 
12V ± 0.5V, bringing chip enable and output enable to 
a TTL low, having Vcc at5V, and having all addresses 
except Aq at a TTL low. The Silicon Signature data is 
then accessed by toggling (using TTL) the column 
address Aq. There are 2 bytes of data available. The 
data (see Table 2) appears on outputs Oq to Og, with 
Oj used as an odd parity bit. This mode is functional 
at 25 ± 5°C ambient temperature. 

Table 2. Silicon Signature Bytes 





Ao 


Data (Hex) 


SEEQ Code (Byte 0) 


V,L 


94 


Product Code (Byte 1) 
2764 
27128 


V|H 


40 
CI 



Programming 

The EPROMs may be programmed using an intelligent 
algorithm or with a conventional 50 msec program- 
ming pulse. The intelligent algorithm improves the 
total programming time by approximately 10 times 
over the conventional 50 msec algorithm. 

The intelligent algorithm requires Vcc = 6V and Vpp = 
21V during byte programming. The initial program 
pulse width is one millisecond, followed by a se- 
quence of one millisecond pulses. A byte is verified 
after each pulse. A single program pulse, with a time 
duration equal to 4 times the number of one milli- 
second pulses applied, is additional given to the 
address after it is verified as being correctly pro- 
grammed. A maximum of 15 one millisecond pulses 
per byte should be applied to each address. When 
the intelligent algorithm cycle has been completed, 
all bytes must be read at Vcc - Vpp = 5V. 
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Intelligent Algorithm Flowchart 



M2764/M27128 
E2764/E27128 



c 



ADDR = FIRST LOCATION 



CVcc = 6.0V ^ 
Vpp = 21.0V J 



) 




DEVICE PASSED 



DEVICE 
FAILED 
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Intelligent Algorithm 



M2764/M27128 
E2764/E27128 



Vcc 



Vcc 



X 



< 



/ 



/ 



ADDRESS STABLE 



tAS 
"(2). 



DATA IN STABLE 



tos 
(2)- 



ivps 
"(2)" 



tvcs_ 
(2) 



K 



Ices 
'(2)~ 



} 



(2) 



VJ 



ipw 
(0.9S ms) 



topw 
(3.8 ms) 



tOES 
" (2) 



\ 



< 



tOE 

- (0.15)- 

MAX. 



tAH 
(0) 



DATA OUT VALID 

»|- 



tDFP 
(0.13) 
MAX. 



X 



) 



/ 



NOTES: 

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN mSEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS .8V FOR A Vil AND 2V FOR A V|h. 

3. toE AND toFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 
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M2764/M27128 
E2764/E27128 



Intelligent Algorithm 

AC Programming Characteristics Ta = 25 ± 5°c, vcci^' ■*' = e.ov ± o.25V, Vpp = 21 v ± o.5V 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ. 


iVIax. 


tAS 


Address Setup Time 


2 






MS 


tOES 


OE Setup Time 


2 






MS 


tDS 


Data Setup Time 


2 






MS 


tAH 


Address Hold Time 









MS 


tDH 


Data Hold Time 


2 






MS 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






MS 


tvcs 


Vcc Setup Time 


2 






MS 


tpwl2| 


PGM Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


tOPWl3. 4| 


PGM Overprogram Pulse Width 


3.8 




63 


ms 


tCES 


CE Setup Time 


2 






MS 


tOE 


Data Valid from OE 






150 


ns 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 3. 
removed simultaneously or after Vpp. 

2. Initial Program Pulse width tolerance is 1 msec ±5%. 4. 



The length of the overprogram pulse will vary from 3.8 msec 
to 63 msec as a function of the iteration counter value X. 
For 50 ms programming, Vcc = 5 V ± 5%, Tpw = 50 ms 
± 10%, and Topw is not applicable. 



Ordering Information 



PART NUMBERS 
DE 27128-25 
DM 27128 -25 MP 



I 



' PROCESSi 

BLANK = SEEQ STANDARD 
MP = MILITARY PROCESSED 

- ACCESS TIME (ns) 

25 = 250 ns @ 10% V^c 

- PRODUCT: 



r~ 



TEMPERATURE RANGE: 
M = -55 to 125° C 
E = -40lo85°C 

' PACKAGE: 
D = CERDIP 
(CONTACT SEEQ REGARDING CHIP CARRIERS) 



Packaging Information 

28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



(For the 32 pin leadless chip 
carrier, see M27C256 data 
sheet) 



n n n n 


n 


n n n n 


n 


n r-i m n 






o ■ 


0.557 ± 
(14.15 


0.042 
1 1.07) 


u u u u 


u 


U U U U 

1.460 ± 0.025 


u 


U U u u 


0.160 1 0.02 






(37.08 t 0.64) 






(4.06 ± 0.50) 



DIMENSIONS IN INCHES AND (MILLIMETERS) 



_ 0.610 ±0.01 
(15.49 t 0.25)" 




0.010 + 0.002 
(0.25 1 0.05) 



-II* 


0.125 MIN. 




0.002 


(3.17) 


0.660 + 0.04 


0.05) 




(16.76 11.01) 



Country Assembly Code (Backside Marking) 

K = KOREA, P = PHILIPPINES, T = TAIWAN 
^l7^I?C?Mr Technology, Incorporated 
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M2764/M27128 
E2764/E27128 



LEADLESS CHIP CARRIER 32 PIN PACKAGE 



♦-0.460- 0.445 -• 
k 0.420 - 0.400*- 




0.066 - 0.054 . 

0.110-0.093— » 


n 

r: 
i: 

TZ 


.JE3kAA3kMrfM 


0.560 
0.520 - 0.500 


0.540 



h.— 0.300-H 



ImJ 0.028 - 0.022 




TOP VIEW 



BOTTOM VIEW 
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Features 

■ 256K (32K x 8) EPROM 

■ 250 ns Access Times 

— 5 V±10% Vcc 

— -55 to 125° C Temperature Range 

■ Low Power 

— 40 mA Max. Vcc Standby Current 

— 70 mA Max. Active Current 

■ Programmed Using Intelligent Algorithm 
—12.5 Vpp 

■ JEDEC Approved Bytewlde Pin 
Configuration 

■ Silicon Signature^" 



M27256 

256K EPROM 



August 1985 



Description 

SEEQ's M27256 is a 256K ultraviolet light erasable 
EPROM. It is organized as 32K x 8, operates from a 
single 5V supply, and programs using a 12.5V intel- 
ligent algorithm. The M27256's operating conditions 
are specified over the -55 to +125° C temperature 
range and at 5V±10% l/cc- The active power is only 
70 mA, approximately 30% lower than other com- 
patible NMOS 256K EPROMS. Consequently mem- 
ory system sizes can be increased with a substantial 
savings in power, resulting in lower power supply 
cost and inherently greater system reliability. For 
systems requiring even lower power, a 40 mA active 
power CMOS 27C256 is available from SEEQ. The 
M27256's low active power is achieved without sacri- 
ficing performance. The access time is 250 nsec, 
making it compatible with most of today's micro- 
computers. Wait states can be eliminated with the 
250 nsec access times. 



Block Diagram 



^ 



^ 



> 



:> 



Pin Configuration 



Vppt 


1 


28 


J 


A.t 


2 


27 




A,i; 


3 


26 


J 


Ast 


4 


25 




*^t 


S 


24 




A,t 


6 


23 




Aat 


7 


22 




A.t 


8 


21 




A,t 


9 


20 




Aol^ 


10 


19 




ooi; 


11 


18 




°'t 


12 


17 




o.t 


13 


16 




gndP 


14 


15 





Mode Selection 



PINS 
MODE 


CE 
(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


ViL 


ViL 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


Vpp 


Vcc 


Din 


Program Verity 


</|H 


ViL 


Vpp 


Vcc 


DouT 


Program Inhibit 


VlH 


V|H 


Vpp 


Vcc 


HighZ 


Silicon Signature™* 


ViL 


ViL 


Vcc 


Vcc 


Encoded 
Data 



Pin Names 



A0-A5 


ADDRESSES — COLUMN (LSB) 


Ae- Ai4 


ADDRESSES — ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



X can be either Vil or Vih. 

*For Silicon Signature'": Ao is toggled, Ag = 12 V, and all other addresses are at a TTL low. 
Silicon Signature'" is a registered trademark of SEEQ Technology. 
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M27256 



An intelligent algorithm is used to program the 
M27256. Data is programmed using a 12.5V Vpp and 
an initial chip enable pulse of 1 msec. Initially, and 
after erasure, all bits are In the "1" state. The typical 
programming time is under five minutes. Program- 
ming is available from commercial programmers 
and is compatible with other 256K EPROM intelli- 
gent algorithms. 



Incorporated on the M27256 is Silicon Signature"*. 
Silicon Signature contains encoded data which iden- 
tifies SEEQ as the EPROM manufacturer and gives 
the product code. The product code is used by a 
programmer to identify the programming algorithm 
for the I\/I27256. 



Absolute Maximum Ratings 

Temperature 

Storage -65°C to +150°C 

Under Bias -65° C to +135° C 

All Inputs or Outputs with 

Respect to Ground +7Vto -0.6 V 

Vpp with Respect to Ground +14.0 V to -0.6 V 

Voltage on Ag with 

Respect to Ground +14.0 V to -0.6 V 



'COMMENT: Stresses above ttiose listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of thie device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 





M272256-25, 
M272256-30 


Vcc Supply Voltage'^ 1 


5 V ±10% 


Temperature Range (Read Mode) 


-55 to 125°C 


Vpp During Read'^' 


Vcc 


Vpp During Programming'^' 


12.5 ±0.3 V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


■Max. 


llN 


Input Leakage Current 




10 


HA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


IPP 


Vpp Current Read Mode 




100 


mA 


Vpp = Vcc Max. 


Prog. Mode 




30 


mA 


Vpp = 12.5 V 


loci 


Vcc Standby Current 




40 


mA 


CE>ViH 


ICC2 


Vcc Active Current 




70 


mA 


GE = OE = ViL, 


ViL 


Input Low Voltage 


H3.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = ^00 mA 



NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp cannot be left floating and should be connected to Vcc during read. 

3. 0.1 fiF ceramic capacitor on Vpp Is required during programming only to suppress voltage transients. 
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M27256 



AC Operating Characteristics During Read 



Symbol 


Parameter 


Limits (nsec) 


Test 
Conditions 


IVI27256-25 


IVI27256-30 


IMin. 


Max. 


IMin. 


Max. 


Tacc 


Address to Data Valid 




250 




300 


CE = OE = V|L 


TCE 


Chip Enable to Data Valid 




250 




300 


OE = V|L 


T0E[2] 


Output Enable to Data Valid 




100 




120 


CE = V|L 


Tdf[3] 


Output Enable or Chip Enable to Output Float 





60 





105 


CE = V|L 


ToH 


Output Hold from Chip Enable, Addresses, 
or Output Enable whichever occurred first 












CE = OE = V|L 



Capacltancei^Ti 



Symboi 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


PF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



Equivalent AC. Test Conditions^ 

Output Load: 1 TTL gate and Ci_ = 100 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4\/ 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



X 



\ 



ADDRESSES 
VALID 



-tcE- 



\ 



-t0E[21- 



^ 



ZZK 



VALID OUTPUT 



•oh • 



-IdfCT- 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED TOJacC -^OE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tACC- 

3. IDF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST 

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER. 
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Erasure Characteristics 

The 27256 Is erased using ultraviolet light which 
has a wavelength of 2537 Angstroms. The integrated 
dose, i.e., intensity x exposure time, for erasure is a 
minimum of 15 watt-second/cm^. The EPROM 
should be placed within one inch of the lamp tube 
during erasure. Table 1 shows the typical EPROI^ 
erasure time for various light intensities. 

Table 1 . Typical EPROM Erasure Time 



Light Intensity 
(Micro-Watts/cm2) 


Erasure Time 
(Minutes) 


15,000 


20 


10,000 


30 


5,000 


55 



Silicon Signature^" 

Incorporated in SEEQ's E PRO Ms is a row of mask 
programmed read only memory (ROM) cells which is 
outside of the normal memory cell array. The ROM 
contains the EPROM's Silicon Signature. Silicon Sig- 
nature contains data which identifies SEEQ as the 
manufacturer and gives the product code. This data 
allows programmers to match the programming 
specification against the product which is to be pro- 
grammed. If there is verification, then the pro- 
grammer proceeds to program. 

Silicon Signature is activated by raising address Ag to 



12V ± 0.5V, bringing chip enable and output enable 
to a TTL low, having Vcc a^ 51/, and having all 
addresses except Aq at a TTL low. The Silicon Signa- 
ture data is then accessed by toggling Aq. The data 
appears on outputs Oq to Oq, with O7 used as an odd 
parity bit (see Table 2). 

Table 2. Silicon Signature Bytes 





Ao 


Data (Hex) 


SEEQ Code (Byte 0) 


ViL 


94 


Product Code (Byte 1) 


VlH 


C2 



Programming 

The 27256 is programmed using the industry standard 
intelligent algorithm. 

The intelligent algorithm requires Vqc = 6V and Vpp = 
12.5 V during byte programming. The initial program 
pulse width is 1.0 millisecond, followed by a sequence 
of 1.0 millisecond pulses. A byte is verified after each 
pulse. A single program pulse, with a time duration 
equal to 3 times the number of 1.0 millisecond pulses 
applied, is additionally given to the address after it is 
verified as being correctly programmed. A minimum of 
one to a maximum of 25 1-ms pulses, plus one 3X 
overpulse, may be applied to each byte. When the 
intelligent algorithm cycle has been completed, all 
bytes must be read at Vcc - Vpp = 5 V. 
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Intelligent Algorithm Flowchart 



M27256 



c 



ADOR = FIRST LOCATION 



) 



CVcc=6DV ^ 
Vpp = 12.5 V J 




DEVICE 
FAILED 



DEVICE PASSED 
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Intelligent Algorithm 



ADDRESSES 





h 




PROGRA^ 


1 




„ VERIFY *- 




>^ 


k 

ADDRESS STABLE 




X 




tAS 
^ (2) 






HIG 


I 




lAH 
(0) 




; 


i 

DA 


TA IN STABLE 


s 


DATA OUT V 


ALIO 


s 


^ 


? 


\ 


I 




Ids 

(2) 




tOH 
(2) 


1' 


IDFP 

(0.13) 1- 
MAX. 


— 


/ 


tvps 

(2) "^ 










I) 








/ 


r* (2) 


















i 


K 


^ ' 


/ 




tOES J 

r* (2) 


^ 


*— 


lOE 

- (0.15) ► 

MAX. 


J 






tpw 
(1.0 ms) 










lOPW 
(3 ms) 


1 


t 















NOTES: 

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN ^SEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 0.8 V FOR A V|l AND 2 V FOR A Vih- 

3. toE AND tDFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 

4.0.1 |iF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS. 
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Intelligent Algorithm 

AC Programming Characteristics Ta = 25 ± 5°c, VccC) = e.ov ± o.25V, Vpp = 12.5V 



Symbol 


Parameter 


Limits 




Unit 


lUlin. 


Typ. 


lUax. 


tAS 


Address Setup Time 


2 






flS 


tOES 


OE Setup Time 


2 






fxS 


tDS 


Data Setup Time 


2 






MS 


tAH 


Address Hold Time 









MS 


tDH 


Data Hold Time 


2 






MS 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






MS 


tvcs 


Vcc Setup Time 


2 






MS 


tPW 


CE Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


tOPwl2l 


CE Overprogram Pulse Width 


2.85 




78.75 


ms 


tOE 


Data Valid from OE 






150 


ns 



*AC Conditions of Test 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45 V to 2.4 V 

Input Timing Reference Level 0.8 V and 2.0 V 

Output Timing Reference Level 0.8 V and 2.0 V 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse will vary from 2.85 
msec to 78.75 msec as a function of the iteration counter 
value X. 



Ordering and Package Information 



D M 27256 — XX 



' GENERIC PART NUMBER 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



nnnnr-ir-ini-inr-ir-|[-ir-in 




UUUUUUUUUUUUUU 

1.460 ± 0.025 

' (37.08 ± 0.64) ' 



0.557+0.042 
(14,15 ± 1.07) 




0.610 ±0.01 
(15.49 ± 0.25) 



0.04 t 0.02 
(1 01 t 0.50) 



I ^1 1"^ rn *~ r*!!*^ 0.125 min. 

0.100 ± 0.010 0.018 ± 0.002 (3.17) 

(2.54 ± 0.25) I (0.45 t 0.05) 

0.055 i 0.008 

(1.39 10.20) 



0.010 ± 0.002 
(0.25 ± 0.05) 



_ 0.660 ± 0.04 _ 
(16 76 ±1.01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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Features 

■ 256K (32K x 8) CMOS EPROM 

■ Ultra Low Power 

— 100 fxA Max. Vcc Standby Current 

— 40 mA Max. Active Current 

■ Programmed Using Intelligent Algorithm 

— 12.5 Vpp 

■ 250 ns Access Times 

— 5V±10%Vcc 

55 to 125° C Temperature Range 

■ JEDEC Approved Bytewlde Pin 
Configuration 

m silicon Signature'" 



M27C256 

256K CMOS EPROM 



August 1985 



Description 

SEEQ's M27C256 is the industry's first 256K CMOS 
EPROM. It lias a 32K x 8 organization and has very 
low power dissipation. Its 40 mA active current is 
less than one half the active power of n-channel 
EPROMs. In addition the WO/jA Vcc standby current 
is orders of magnitude lower than those same 
EPROMs. Consequently, system memory sizes can 
be substantially increased at a very small increase 
in power Low active and standby power is impor- 
tant in applications which require portability, low 
cooling cost, high memory bit density, and long 
term reliability. 

The M27C256 is specified over the -55 to +125° C 
temperature range and at 5 V±1(y/o Vcc- The access 
time is specified at 250 ns, making the M27C256 
compatible with most of today's microcomputers. Its 
inputs and outputs are completely TTL compatible. 



Block Diagram 



A6-Al4 | J > 



A0-*5 | ^ > 



Mode Selection 



^ 



> 



O0-O7 



PINS 
MODE 


CE 
(20) 


OE 
(22) 


Vpp 

(1) 


Vcc 

(28) 


Outputs 
(11-13, 15-19) 


Read 


ViL 


ViL 


Vcc 


Vcc 


DOUT 


Output Disable 


X 


VlH 


Vcc 


Vcc 


HighZ 


Standby 


VlH 


X 


Vcc 


Vcc 


HighZ 


Program 


ViL 


VlH 


Vpp 


Vcc 


Din 


Program Verify 


V|H 


ViL 


Vpp 


Vcc 


DoUT 


Program Inhibit 


VlH 


VlH 


Vpp 


Vcc 


HighZ 


Silicon Signature"** 


ViL 


ViL 


Vcc 


Vcc 


Encoded 
Data 



Pin Configuration 

DUAL IN-LINE 



Vppt 


s 

1 


^ 23 




A.i; 


2 


27 




*'i. 


3 


26 




Asi; 


4 


25 




AsC 


5 


24 




A,(; 


6 


23 




A3t 


7 


22 




A.i; 


8 


21 




A,^ 


9 


20 




Aol^ 


10 


19 




Ooi; 


11 


18 




0,1; 


12 


17 




°< 


13 


16 




GNDf 


14 


15 





X can be either Vil or Vih. 

* For Silicon Signature'": Ao is toggled, A9 = 12 V, and all other addresses are at a TTL low. 
Silicon Signature™ is a registered trademari< of SEEQ Technology. 
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LEADLESS CHIP CARRIER 
BOTTOM VIEW 







«f 


«f 


8 

> 




z 


:-s 


i 


INDEX 
CORNER 




/ 


i 


N 


n 




Wf 


1^ 






As 


m 








^ 






CS 


A6 


As 


Jm 














CS 


As 


All 


[27 














ra 


A, 


NC 


m 














cs 


A3 


OE 


w. 














CE 


A2 


AlO 
















QoJ 


Ai 


CE 
















03 


Ao 


I/O, 
















03 


NC 


I/O7 


in 


|8| 


w\ 


^ 


^ 


mm 


i 


/ 


I/O1 



Pin Names 



A0-A5 


ADDRESSES - COLUMN (LSB) 


A6-A14 


ADDRESSES - ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 


NC 


NO CONNECT 
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Initially, and after erasure, all bits are in the "1" state. 
An intelligent algorithm is used to program the 
M27C256 typically in four minutes. Data is pro- 
grammed using a 12.5 V Vpp and an initial chip 
enable pulse of 1.0 ms. 



Incorporated on the M27C256 is Silicon Signature™. 
Silicon Signature contains encoded data which iden- 
tifies SEEQ as the EPROM manufacturer and gives 
the product code. This data is encoded in ROM to 
prevent erasure by ultraviolet light. 



Absolute Maximum Ratings 

Temperature 

Storage -65° C to +1 50° C 

Under Bias -65°C to +135°C 

All Inputs or Outputs with 

Respect to Gro <d +7 V to -0.6 V 

Vpp with Respect to Ground +1 4.0 V to -0.6 V 

Voltage on Ag with 

Respect to Ground +14.0 V to -0.6 V 



'COMMENT: Stresses above ttiose listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
ttiose indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 





M27C256-25, 
M27C256-30 


Vcc Supply Voltage'"'! 


5 V ±10% 


Temperature Range (Read Mode) 


-55 to 125<'C 


Vpp During Read'^' 


Vcc 


Vpp During Programming'^' 


12.5 +0.3 V 



DC Operating Characteristics During Read or Programming 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


iVIin. 


Max. 


llN 


Input Leakage Current 




10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


IPP 


Vpp Current Read Mode 




100 


mA 


Vpp = Vcc Max. 


Prog. Mode 




30 


mA 


Vpp = 12.5 V 


loci 


Vcc Standby Current 




100 


mA 


CE > Vcc -1 V 


ICC2 


Vcc Standby Current 




1 


mA 


CE>ViH 


ICC3 


Vcc Active Current 




40 


mA 


CE = OE = ViL. 
f = 5 MHz, lo = 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.45 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = ^00 /xA 



NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp cannot be left floating and should be connected to Vcc during read. 

3. 0.1 mF ceramic capacitor on Vpp is required during programming only to suppress voltage transients. 
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AC Operating Characteristics During Read 



Symbol 


Parameter 


Limits (nsec) 


Test 
Conditions 


iVI27C56-25 


iVI27C56-30 


Min. 


Max. 


Min. 


Max. 


Tacc 


Address to Data Valid 




250 




300 


CE = OE = V|L 


TCE 


Chip Enable to Data Valid 




250 




30G 


OE = V,L 


Toe[21 


Output Enable to Data Valid 




100 




120 


CE = V|L 


Tdf131 


Output Enable or Chip Enable to Output Float 





60 





105 


CE = V|L 


'oh 


Output Hold from Chip Enable, Addresses, 
or Output Enable whichever occurred first 












CE = OE = V|u 



Capacitance^^^ 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


CiN 


Input Capacitance 


4 


6 


pF 


ViN = ov 


COUT 


Output Capacitance 


8 


12 


PF 


VOUT = OV 



Equivalent A.C. Test Conditions^^^ 

Output Load: 1 TTL gate and C/. = 700 pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. Waveforms 



X 



ADDRESSES 
VALID 



-•cE- 



\ 



-• toE[21 ► 



^ 



ZZK 



VALID OUTPUT 



'oh ' 



-iDpra- 



m 



NOTES: 

1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 

2. OE MAY BE DELAYED TOJacc "iJpE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tACC- 

3. tDF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST 

4. THESE ARE EQUIVALENT TEST CONDITIONS AND ACTUAL TEST CONDITIONS ARE DEPENDENT ON THE TESTER. 
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Erasure Characteristics 

The M27C256 is erased using ultraviolet light which 
has a wavelength of 2537 Angstroms. The integrated 
dose, i.e., intensity x exposure time, for erasure is a 
minimum of 15 watt-second/ cm^. The EPROM 
should be placed within one inch of the lamp tube 
during erasure. Table 1 shows the typical EPROM 
erasure time for various light intensities. 

Table 1 . Typical EPROM Erasure Time 



Light Intensity 
(Mlcro-Watts/cm2) 


Erasure Time 
(IVIinutes) 


15,000 


20 


10,000 


30 


5,000 


55 



Siiicon Signature™ 

Incorporated in SEEQ's EPROMs is a row of mask 
programmed read only memory (ROI\A) cells which is 
outside of the normal memory cell array. The ROM 
contains the EPROM's Silicon Signature. Silicon Sig- 
nature contains data which identifies SEEQ as the 
manufacturer and gives the product code. This data 
allows programmers to match the programming 
specification against the product which is to be pro- 
grammed. If there is verification, then the pro- 
grammer proceeds to program. 

Silicon Signature is activated by raising address Ag to 



12V ± O.SV, bringing chip enable and output enable 
to a TTL low, having Vcc af 51/, and having all 
addresses except Ag at a TTL low. The Silicon Signa- 
ture data is then accessed by toggling Aq. The data 
appears on outputs Oq to Og, with Oy used as an odd 
parity bit (see Table 2). 

Table 2. Silicon Signature Bytes 





Ao 


Data (Hex) 


SEEQ Code (Byte 0) 


ViL 


94 


Product Code (Byte 1) 


VlH 


C2 



Programming 

The M27C256 is programmed using the industry stand- 
ard intelligent algorithm. 

The intelligent algorithm requires Vcc = 6 V and Vpp = 
12.5 V during byte programming. The initial program 
pulse width is 1.0 millisecond, followed by a sequence 
of 1.0 millisecond pulses. A byte is verified after each 
pulse. A single program pulse, with a time duration 
equal to 3 times the number of 1.0 millisecond pulses 
applied, is additionally given to the address after it is 
verified as being correctly programmed. A minimum of 
one to a maximum of 25 1-ms pulses, plus one 3X 
overpulse, may be applied to each byte. When the 
intelligent algorithm cycle has been completed, all 
bytes must be read at Vqc = ^pp =5V. 



eeeo 



Technology, Incorporated ' 



4-19 



Intelligent Algorithm Flowchart 



M27C256 



c 



ADDR = FIRST LOCATION 



CVcc = 6.0V ^ 
Vpp = 12.5 V J 




DEVICE PASSED 



seeQ 



Technology, Incorporated ' 



4-20 



M27C256 



Intelligent Algorithm 



ADDRESSES 



X 



ADDRESS STABLE 



< 



Vpp 
(4) 



/ 



/ 



DATA rN STABLE 



Ids 
(2)- 



tvps_ 
"(2) 



_'vcs_ 
(2) 



> 



tOH 
(2) 



vv 



tpw 
(1.0 ms) 



<OPW 

(3 ms) 



X 



tOES_ 
(2) " 



\ 



< 



lOE 
(0.15)- 
MAX. 



DATA OUT VALID 

th 



J 



tDFP 
(0.13) 
MAX. 



NOTES: 

1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN mSEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 0.8 V FOR A V|l AND 2 V FOR A V|h. 

a.toE AND tDFP ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 

4.0.1 nF CERAMIC CAPACITOR ON Vpp IS REQUIRED DURING PROGRAMMING ONLY TO SUPPRESS VOLTAGE TRANSIENTS. 
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Intelligent Algorithm 

AC Programming Characteristics Ta = 25 ± 5°c, Vccl'' 1 = e.ov ± o.25V, Vpp = 12.5V 



Symbol 


Parameter 


Limits 




Unit 


lUlin. 


Typ. 


iUlax. 


tAS 


Address Setup Time 


2 






/us 


tOES 


OE Setup Time 


2 






MS 


tDS 


Data Setup Time 


2 






MS 


tAH 


Address Hold Time 









/us 


tDH 


Data Hold Time 


2 






/US 


tDFP 


Output Enable to Output Float Delay 







130 


ns 


tVPS 


Vpp Setup Time 


2 






MS 


tvcs 


Vcc Setup Time 


2 






MS 


tpw 


CE Initial Program Pulse Width 


0.95 


1.0 


1.05 


ms 


topw'^l 


CE Overprogram Pulse Width 


2.85 




78.75 


ms 


tOE 


Data Valid from OE 






150 


ns 



*AC Conditions of Test 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45 V to 2.4 V 

Input Timing Reference Level 0.8 V and 2.0 V 

Output Timing Reference Level 0.8 V and 2.0 V 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse will vary from 2.85 
msec to 78.75 msec as a function of the iteration counter 
value X. 



Ordering and Package Information 



D M 270256 - XX 



' GENERIC PART NUMBER 



PACKAGE TYPE 

D = CERDIP 

L = LEADLESS CHIP CARRIER 



28-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



nnr-ini-ir-ir-|[-innr-ir-i[-ir-i 




LJ ui U U U U U 



0.557 ± 0.042 
(14.15 ±1.07) 



1.460 ± 0.025 
(37.08 ± 0.64) 



0.16010.02 
(4.06 ± 0.50) 



_ 0.610 ±0.01 
(15.49 ± 0.25) 




H I- 



0.04 t 0.02 
(1.01 t0.50) 



0.100 t 0.010 
(2.54 t 0.25) 



{P- 



0.055 1 0.008 
(1.39 i 0.20) 



TT 



■" r*ll"*^ 0.125 MIN. 

0.018 t 0.002 (3.17) 

(0.45 + 0.05) 



0.010 ± 0.002 
(0.25 ± 0.05) 



_ 0.660 ± 0.04 _ 
(16.76 1 1.01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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LEADLESS CHIP CARRIER 32 PIN PACKAGE 




0.066 - 0.054 - 
0.110-0.093- 



0.560 - 0.540 



[-•— 0.300-H 




TOP VIEW 



BOTTOM VIEW 
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M2816A 

Timer E2 
16K Electrical Erasable ROiVIs 



Features 

■ High Endurance Write Cycles 

— 2816A: 10,000 Cycles/Byte 

■ On-ChIp Timer 

— Automatic Erase and Write Time Out 

■ All Inputs Latched by Write or Chip Enable 

■ Direct Replacement to 2K x 8 E^ROMs 

— 21 V 2816 

— 5V Timer 2816A 

m 5V ± 10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 250 ns max. Access Time 

■ Low Power Operation 

— 110 mA max. Active Current 

— 40 mA max. Skindby Current 

m JEDEC Approved Byte-Wide PInout 



August 1985 



Description 

SEEQ's M2816A isaSV only, 2K x 8 electrically eras- 
able read only memory (E^ROM). E^ROMs are ideal 
for applications which require non-volatility and in- 
system data modification. The endurance, the number 
of times that a byte may be written, is 10 thousand for 
the M2816A. The f^2816A's high endurance was accom- 
plished using SEEQ's proprietary oxynitride E^ROM 
process and its innovative "Q celP"" design. The 
M2816A is ideal for systems that require frequent 
updates. 

There is an internal timer that automatically times out 
the write time. A separate erase cycle is not required 
and the minimum write enable (WE) pulse width 
needs to be only 150 ns. The on-chip timer, along 
with the inputs being latched by a write or chip 
enable signal edge, frees the microcomputer system 

(continued on next page) 



Block Diagram 



A3.o[ZlJ) 



o 



COLUMN 
ADDRESS 
LATCHES 



ROW 
ADDRESS 
LATCHES 




COLUMN 
ADDRESS 
DECODE 



=^ 



ROW 
ADDRESS 
DECODE 



Iz 



MEMORY 
ARRAY 



LATCH ENABLE 




Pin Configuration 




Pin Names 



Ao-A)o 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR 
ERASE) 
DATA OUTPUT (READ) 
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for other tasks during the write time. The M2816A's 
write time is 10 ms. Once a byte is written, it can be 
read in 250 ns. The inputs are TTL for both the byte 
write and read mode. 

The E^ROt^ is ideal for systems with limited board 
area. For systems where cost is important or higher 
density is required, SEEQ has a latch only "52B" 
family at 16K and 64K bit densities. The "52B" family 
has the same JEDEC approved pin configuration but 
without the on-chip timer All "52B" family inputs are 
latched by the falling edge of the write enable signal. 

Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL inputs are 
required. To write into a particular location, a TTL low 
is applied to the write enable (WE) pin of a selected 
(CE_low) device. This, combined with output enable 
(OE) being high, initiates a write cycle. During a byte 
write cycle, addresses are latched on the last falling 
edge of CEor WE and data is latched on the first rising 
edge of CE or WE. An internal timer times out the 
required byte write time. An automatic byte erase is 
performed internally in the byte write mode. 

The chip erase mode clears all data to a TTL high in 
one 9 ms cycle. This is accomplished by raising both 
We and OEtoa high voltage (e.g. 21 V) and having all 



the data inputs at a TTL high. In addition an optional 
21 V byte write (preceded by a byte erase) mode is 
available. 

Mode Seiection (labie d 



Mode 


CE 


OE 


WE 


I/O 


Read 


ViL 


ViL 


VlH 


DOUT 


Standby 


VlH 


X 


X 


HighZ 


Byte Write 


ViL 


VlH 


ViL* 


Din 


Write or Read 
Inhibit 


ViL 


VlH 


VlH 


HighZ 


Cliip Erase 


ViL 


Ver 


Ver 


VlH 



*A 21 V input on WE is an optional mode. 

Power Up/Down Considerations 

The 2816A/5516A has internal circuitry to minimize a 
false write during system Vcc power up or down. This 
circuitry prevents writing under any one of the follow- 
ing conditions. 

1. Vcc 's less than 3V. 

2. A negative Write Enable (WE) transition has not 
occurred when Vcc 'S between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in a 
logical state other than that specified for a byte write in 
the Mode Selection table. 



Absolute iVIaximum Stress Ratings* 

Temperature 

Storage -65° C to +15QP C 

Under Bias -65° C to +135° C 

All Inputs or Outputs with 

Respect to Ground +61/ to -0.3V 

We During Writing/Erasing with 

Respect to Ground +22.5V to -0.3V 

Duration of WE Supply at 22V 

During W/E Inhibit 24 Hours 



Recommended Operating Conditions 

Temperature Range: -55° C to +125° C 

Vcc Power Supply: 5V ±10% 

Q (Maximum Endurance/Byte): 10,000 cycles 

'COMMENT: Stresses above ttiose listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



DC Operating CiiaracteristiCS (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


Min. 


Max. 


Ice 


Active Vcc Current 




125 


mA 


CE = OE = Vil; All I/O Open; 
Other Inputs = 5.5 V 


ISB 


Standby Vcc Current 




40 


nnA 


CE = ViH, OE = Vil; All l/O's 
Open; Other Inputs = 5.5 V 


ILI 


Input Leakage Current 




10 


mA 


ViN = 5.5 V 


ILO 


Output Leakage Current 




10 


mA 


VouT = 5.5V 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


6 


V 




Vol 


Output Low Voltage 




0.4 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 ixA 


Ver 


OE and W^ Voltage in Chip Erase Mode 


12 


22 


V 


Ier = 10aiA 
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AC ChsrSCtBristiCS (Over the operating Vcc and temperature range) 

Read Operation 



Symbol 


Parameter 


Limits (ns) 


Units 


M2816A-250 


IVI2816A-350 


Min. 


Max. 


iVIin. 


iMax. 


tfiC 


Read Cycle Time 


250 




350 




ns 


tCE 


Chip Enable Access Time 




250 




350 


ns 


Ua 


Address Access Time 




250 




350 


ns 


tOE 


Output Enable Access Time 




90 




100 


ns 


tLZ 


CE to Output in Low Z 


10 




10 




ns 


tHZ 


CEto Output in High Z 


10 


100 


10 


100 


ns 


toLZ 


OE to Output in Low Z 


50 




50 




ns 


toHZ 


OE to Output in High Z 


10 


100 


10 


100 


ns 


tOH 


Output Hold from Address Change 


50 




50 




ns 


tpu 


CE to Power-up Time 












ns 


tpD 


CE tp Power Down Time 




50 




50 


ns 



Capacitance ta = 25° c, f = i mhz 



Symbol 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/0 = V 



Equivalent AC. Test Condltlons^'^^ 

Output Load: 1 TTL gate and Cl == 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 V and 2 V 

Outputs 0.8 V and 2 V 



READ CYCLE TIMING 



'j: 



-Irc- 



X 



1 tcE- 



\ 



\ 



-tOE- 



X 



/ 



/ 



-'OHZ- 



"-•OLZ-» 



-tLZ- 



«-tpu-». 



SUPPLY 
CURRENT Iss 



/ 



-•oh- 



o: 



-»HZ- 



:cz3: 



«AA- 



'cc 



NOTE 1: THIS IS AN EQUIVALENT TEST CONDITION AND ACTUAL CONDITIONS ARE DEPENDENT ON THE TESTER. 



1 



-'PD- 



V 
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AC Char3CteristiCS (Over the operating Vqc and temperature range) 
TTL WRITE CYCLE 



Symbol 


Parameter 


Limits (ns) 


Units 


iVI2816A-250 


l\/l2816A-350 


IMIn. 


Max. 


iVIin. 


Max. 


twc 


Write Cycle Time 


10 




10 




ms 


tAS 


Address Set Up Time 


10 




10 




ns 


tAH 


Address Hold Time 


50 




70 




ns 


tcs 


Write Set Up Time 












ns 


tCH 


Write Hold Time 












ns 


tew 


CE to End of Write Input 


150 




150 




ns 


toES 


OE Set Up Time 


10 




10 




ns 


toEH 


OE Hold Time 


10 




10 




ns 


twp[il 


WE Write Pulse Width 


150 




150 




ns 


toL 


Data Latch Time 


50 




50 




ns 


tDV[2] 


Data Valid Time 




1 




1 


/'S ^J 


tos 


Data Set Up Time 


20 




50 




ns 


toH 


Data Hold Time 


20 




20 




ns 



Notes: 



1 , WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 

2. Data must be valid within 1 ^s maximum after the initiation of a write cycle. 



TTL Byte Write Cycle 

WE CONTROLLED WRITE CYCLE 




\^J \T\^ 




EZD- 
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CE CONTROLLED WRITE CYCLE 



1 




■" t^c ► 


i 




i „ X 


1 


—•as— 


— tAH-^ 

■• tew '■ 

J. 


-•dl-H 


\ 


'■ Ov 








• 'OEH 


/ 


r 

-toES- 

— tcs— 




A 


: / 




-.t 


-tCH 


\ 


' „ \ 


T 


HIGHZ 




T 






— tov-^ 




1 


Js 


DATAV 


ALIO 


x „ 




■•— 'dS"*- 


— ' 


- <DH 
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AC Characteristics 

21 V Optional Erase or Write Cycle 

(All times shown in parentheses are in ns and are minimum value, unless otherwise noted.) 



21 V BYTE ERASE OR BYTE WRITE TIMING 



ADDRESSSE8 



21 V CHIP ERASE CYCLE 





Ordering Information 



Package Diagram 



24-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



D M 281 6A- 250 MP 



MP: MILITARY PROCESSED 

ACCESS TIME (ns) 
■ GENERIC PART NUMBER 

. TEMPERATURE RANGE:-55° TO I25°C 

. PACKAGE: CERDIP 



nnr-|nr-it-ipr-ir-ini-ir-inr~l 



LJULJUULJULJUULJU 

, 1.260 ± 0.025 

(32.00 ± 0.64) 



0.530 ± 0.02 
(13.46 ± 0.50) 




0.04 ± 0.02 
(1.01 ± 0.50) 



'I I*- H K Hh 0.125 MIN. I 
0.100 ± 0.010 0.018 ± 0.002 (317) 0.660 ± 0.04 

(2.54 ± 0.25) I (0.45 ± 0.05) I (16.76 ±1.01) 

0.055 ± 0.008 
(1.39 ± 0.20) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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M2817A 

Timer E^ 
16K Electrical Erasable ROMs 



Aug. 1985 



Features 

■ Military Temperature Range 

■ Ready/Busy Pin 

■ High Endurance, 10,000 Byte Write Cycles 

■ On-ChIp Timer 

— Automatic Byte Erase Before Byte Write 
m 5 V ± 10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 250 ns max. Access Time 

■ Low Power Operation 

— 110 mA Active Current 

— 40 mA Standby Current 

m JEDEC Approved Byte-Wide PInout 



Description 

SEEQ's M2817A is a 5 V only, 2K x 8 electrically 
erasable read only memories (E'ROMs). It is pack- 
aged in a 28 pin package and ties a ready/busy pin. 
This E^ROM is ideal for applications which require 
non-volatility and in-system data modification. The 
endurance, the number of times which a byte may 
be written, is 10 thousand cycles. The extraordinary 
high endurance was accomplished using SEEQ's pro- 
prietary oxynitride E^ROM process and its innovative 
"Q cell" design. It is ideal for systems which require 
frequent updates and higher reiiabilty over lower 
specified endurance BROMS. 

The M2817A has an internal timer that automatically 
times out the write time. The on-chip timer, along 



Block Diagram 



Pin Configuration 

OUAL-IN-LINE 
TOP VIEW 



LEAOLESS CHIP CARRIER 
BOTTOM VIEW 




RDV/BUSYi; 


' — *-'~T 


Nc;; 




A,i; 




Aet 


' 


Asi; 




A4(; 




A3i; 


' 


Ajt 


' 


Alt 




Aoi; 




l/02t 


;: ;: 


i/oji; 




GNDi; 





Pin Names 




Ao-4 


ADDRESSES — COLUMN (LOWER ORDER BITS) 


A5-12 


ADDRESSES — ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR ERASE), DATA OUTPUT 
(READ) 


RDY/BUSY 


DEVICE READY/BUSY 


N/C 


NO CONNECT 
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with the input latches, frees the microcomputer sys- 
tem for other tasks during the write time. The 2817 As 
write cycle time is 10 ms over the military temperature 
range. An automatic byte erase is performed before a 
byte operation is started. Once a byte has been 
written, the ready/busy pin signals the microprocessor 
that it is available for another write or a read cycle. 
All inputs are TTL for both the byte write and read 
mode. Data retention is specified for ten years. 

Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL inputs are 
required. To write into a particular location, a TTL 
low is applied to the write enable (WE) pin of a 
selected (CE low) device. This, combined with output 
enable (OE) being high, initiates a write cycle. During 
a byte write cycle, addresses are latched on either 
the falling edge of CE or WE, whichever one occurred 
last. Data is latched on the rising edge of CE or WE, 
whichever one occured first. The byte is automatically 
erased before data is writte n. Whil e the write opera- 
tion is in progress, the RDY/BUSY output is at a TTL 
low. An internal timer times out the required byte 
write time and at the end of this time, the device 
signals the RDY/BUSY pin to a TTL high. The RDY/ 
BUSY pin is an open drain output and a typical 3K CI 
pull-up resistor to Vcc is required. The pull-up resistor 
valu e is dep endent on the number of OR-tied 2817 A 
RDY/BUSY pins. 



Mode Selection (Table i) 








Mode/Pin 


CE 


OE 


WE 


I/O 


RDY/BUSY 


Read 


ViL 


ViL 


VlH 


DouT 


High Z 


Standby 


VlH 


X 


X 


High Z 


High Z 


Byte Write 


ViL 


VlH 


ViL 


Din 


Vol 


Write or Read 
Inhibit 


V|L 


VlH 


V,H 


High Z 


High Z 


Chip Erase 


ViL 


Ver 


Ver 


VlH 


High Z 



Power Up/Down Considerations 

The M2817A has internal circuitry to minimize a false 
write during system Vcc power up or down. This 
circuitry prevents writing under any one of the follow- 
ing conditions. 

1. Vcc 'S less than 3 V. 

2. A negative Write Enable (WE) transition has not 
occurred with Vcc 's between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in 
TTL logical states other than that specified for a 
byte write in the Mode Selection table. 

Absolute Maximum Stress Ratings* 

Temperature 

Storage -65° C to +150° C 

Under Bias -10°C to +135°C 

All Inputs or Outputs with 

Respect to Ground +6V to -0.3V 

WE During Writing/ Erasing with 

Respect to Ground +22.5V to -0.3V 

Duration of WE Supply at 22V 

During W/E Inhibit 24 hours 

'COMMENT: Stresses above tliose listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those Indicated In the 
operational sections of this specification is not Implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Recommended Operating Conditions 



M2817A-250 



M2817A-30C 



Vcc Supply Voltage 



5 V ± 10% 



5 V ± 10% 



Temperature Range -55° C to +125° C -55° C to +125° C 



Q (Maximum 
Endurance)'' 



10,000 cycles/byte 10,000 cycles/byte 
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D.C. Operating Characteristics (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


Min. 


lUax. 


Ice 


Active Vcc Current 
(Includes Write Operation) 




110 


mA 


CE = OE=Vil;AII I/O Open; 
Other Inputs = 5.5 V 


ISB 


Standby Vcc Current 




40 


mA 


CE = ViH, OE = Vil; All I/O 
Open; Other Inputs = 5.5 V 


ILI 


Input Leakage Current 




10 


mA 


ViN = 5.5V 


Ilo 


Output Leakage Current 




10 


mA 


VoUT = 5.5 V 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc+ 1 


V 




Vol 


Output Low Voltage 




0.4 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 /iA 


Ver 


OE and WE Voltage in 
Chip Erase Mode 


12 


22 


V 


Ier = 10mA 



A.C. Ciiaracteristics 

Read Operation (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


Test Conditions 


M2817A-250 


M2817A-300 


IMin. 


IMax. 


IVIin. 


IVIax. 


tpc 


Read Cycle Time 


250 




300 




ns 


CE = Of = ViL 


tCE 


Chip Enable Access Time 




250 




300 


ns 


OE = ViL 


tAA 


Address Access Time 




250 




300 


ns 


CE = OE = ViL 


tOE 


Output Enable Access Time 




90 




100 


ns 


CE = ViL 


tDF 


Output Enable High to Output 
Not being Driven 





60 





60 


ns 


CE = ViL 


toH 


Output Hold from Address Change, Chip 
Enable, or Output Enable whichever occurs 
first 












ns 


CE = OE = ViL 



Read Cycle Timing 



ADDRESSES 
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Capacitance Ta = 25° c; f = i mhz 



Symbol 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/0 = V 



A.C. Test Conditions 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

inputs 1 Vand2 V 

Outputs 0.8 Vand2 V 



A.C. Characteristics 

Write Cycle (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


M2817A-250 


M2817A-300 


MIn. 


Max. 


MIn. 


Max. 


tAS 


Address to Write Set Up Time 


10 




10 




ns 


tcs 


CE to Write Set Up Time 


10 




10 




ns 


twpni 


WE Write Pulse Widtli 


150 




150 




ns 


tAH 


Address Hold Time 


50 




50 




ns 


Ids 


Data Set Up Time 


20 




50 




ns 


toH 


Data Hold Time 


20 




20 




ns 


tcH 


CE Hold Time 












ns 


tOES 


OE Set Up Time 


10 




10 




ns 


tOEH 


OE Hold Time 


10 




10 




ns 


tDL 


Data Latch Time 


50 




50 




ns 


tDvl^l 


Data Valid Time 




1 




1 


A/s 


toB 


Time to Device Busy 




200 




200 


ns 



Notes: 

1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 

2. Data must be valid within 1 fjs maximum after the initiation of a write cycle. 



A.C. Characteristics 

Write Cycle (Over the operating Vcc and temperature range) 



Symbol 


Parameter 




Limits (ns) 


Units 


M281 


'A-250 


M2817A-300 


Min. 


Max. 


Min. 


Max. 


twc 


Byte Write Cycle Time 




10 




10 


ms 
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Write Cycle Timing 



M2817A 



X 



tOES- 



/ 



\ 



tcs 



-tAS- 



lOEH- 



\ 



tAH 



X 



*-tCH- 



■tDL- 



r^__f 



-tDL »■ 



* tWP — ■* 



tDV-* 



tos 



tDH 



n 



> 



-tOB- 



^^ 



-iwc- 



Ordering Information 



M 2817A- 250 MP 



MILITARY PROCESSED 

READ ACCESS TIME (ns) 

GENERIC PART NUMBER 

MILITARY TEMPERATURE 

PACKAGE: D = CERDIP 

L = CHIP CARRIER 
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Packaging Information 

28-LEAD HERMETIC CERDIP PACKAGE TYPE D 



nmnr-ii— i[~ir-innnr-ii~i 



^ 0.557 ± 0.042 
S (14.15 ±1.07) 



uuuuuuuuuuuuuu 

1.460 ± 0.025 , 

' (37.08 ± 0.64) 



0.160 ± 0.02 
(4.06 t O.SO) 



WHMHMWMMHHMM 



0.04 ± 0.02 
(1.01 ± 0.50) 



0.100 ± 0.010 
(2.54 t 0.25) 



0.610 ± 0.01 
■(15.49 ± 0.25)" 



-TT 



0.125 MIN. 
0.018 t 0.002 (3.17) 

(0.45 t 0.05) 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.660 ± 0.04 
(16.76 + 1.01) 



0.055 ± 0.008 
(1.39 ±0.20) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 



LEADLESS CHIP CARRIER 32 PIN PACKAGE 




0.066 - 0.054 - 
0.079- 0.065- 



0.560 - 0.540 



k— 0.300-H 



0.093 - 0.077 



0.028 - 0.022 




TOP VIEW 



BOTTOM VIEW 
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M2864/M2864H 

Timer E^ 
64 K Electrically Erasable ROMs 



August 1985 



Features 

■ 64K E^ROM 

— Military Temperature M2864 

■ Ready/Busy Pin 

■ Higti Endurance Write Cycles 

— 10,000 Cycles/Byte 

■ On-Chip Timer 

— Automatic Byte Erase Before Byte Write 

— 2 ms Byte Write (M2864H) 

■ 5 V±10% Power Supply 

■ Power Up/Down Protection Circuitry 

■ 250 ns max. Access Time 

Description 

SEEQ's M2864 is a 5 V only, 8K x 8 NMOS electri- 
cally erasable read only memory (E^ROM). It is 
package in a 28 pin package and has a ready/busy 
pin. This E^ROM is ideal for applications which 
require non-volatility and in-system data modifica- 
tion. The endurance, the number of times which a 
byte may be written, is 10 thousand cycles. 



Blocli Diagram 



The E^ROM has an internal timer that automatically 
times out the write time. The on-chip timer, along 
with the input latches, frees the microcomputer 
system for other tasks during the write time. The 
standard byte write cycle time is 10 ms. For systems 
requiring faster byte write, an M2864H is specified 
at 2 ms. An automatic byte erase is performed 
before a byte operation is started. Once a byte has 
been written, the ready/busy pin signals the microproc- 
essor that it is available for another write or a read 
cycle. All inputs are TTL for both the byte write and 
read mode. Data retention is specified for ten years. 

These two timer E^ROMs are ideal for systems with 
limited board area. For systems where cost is impor- 
tant, SEEQ has a latch only "52B" family at 16K and 
64K bit densities. All "52B" family inputs, except for 
write enable, are latched by the falling edge of the 
write enable signal. 



Pin Configuration 

DUAL-IN-LINE 
TOP VIEW 



LEADLESS CHIP CARRIER 
BOTTOM VIEW 




RDY/BUSYt; 

A,2t 




Pin Names 



Ao-4 


ADDRESSES — COLUMN (LOWER ORDER BITS) 


A5-I2 


ADDRESSES - ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR ERASE), DATA OUTPUT 
(READ) 


RDY/BUSY 


DEVICE READY/BUSY 


N/C 


NO CONNECT 
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Device Operation 

There are five operational modes (see Table 1) and, 
except for the chip erase mode, only TTL inputs are 
required. To write into a particular location, a 150 ns 
TTL pulse is applied to the write enable (WE) pin of 
a selected (CE low) device. This, combined with 
output enable (OE) being high, initiates a 10 ms 
write cycle. During a byte write cycle, addresses are 
latched on either the falling edge of CE or WE, 
whichever one occurred last. Data is latched on the 
rising edge of <5Eor WE, whichever one occurred 
first. The byte is automatically erased before data is 
writte n. Wh ile the write operation is in progress, the 
RDY/BUSY output is at a TTL low. An internal timer 
times out the required byte write time a nd at th e end 
of this time, the device signals the RDY/BUSY pin to 
a TTL high. The RDY/BUSY pin is an open drain 
output and a typical 3K n pull-up resistor to Vcc is 
required. The pull-up resisto r value is dependent on 
the number of OR-tied RDY/BUSY pins. 



Chip Erase 

Certain applications may require all bytes to be 
erased simultaneously. This feature is optional and 
the timing specifications are available from SEEQ. 



Power Up/Down Considerations 

The 1^2864 has internal circuitry to minimize a false 
write during system Vcc power up or down. This 
circuitry prevents writing under any one of the 
following conditions. 

1. Vcc 'S lass than 3 V. 

2. A negative Write Enable (WE) transition has not 
occurred when Vcc 's between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in TTL 
logical states other than that specified for a byte 
write in the Mode Selection table. 



Mode Selection (labie d 



Mode/PIn 


CE 
(20) 


OE 
(22) 


WE 
(27) 


I/O 
(11-13,15-19) 


RDY/ 


BUSY 
(D* 


Read 


ViL 


ViL 


VlH 


DOUT 


HighZ 


Standby 


VlH 


X 


X 


HighZ 


High Z 


Byte Write 


ViL 


VlH 


ViL 


Din 


Vol 


Write or 

Read 

Inhibit 


ViL 


VlH 


VlH 


HighZ 


High Z 



*Pin 1 has an open drain output and requires an external 3K 
resistor to Vc c- The resistor value Is dependent on the number of 
OR-tied RDY/BUSY pins. 



Absolute Maximum Stress Ratings* 

Temperature 

Storage -65°C to +150°C 

Under Bias -65° C to +735° C 

All Inputs or Outputs with 

Respect to Ground +15Vto -0.3 V 

Duration of OE Supply at 12 V 

During W/E Inhibit 24 Hours 



'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratirtgs" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the opera- 
tional sections of this specification is not Implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 



Recommended Operating Conditions 





M2864-250 


M2864H-300 
M2864-300 


M2864-35 


Vcc Supply Voltage 


5V±10% 


5V±10% 


5 V ± 5% 


Temperature Range 


-55°Cto 125°C 


-55° C to 125°C 


-55° C to 125° C 


Q (Maximunn Endurance) 


10,000 cycles/byte 


10,000 cycles/byte 


10,000 cycles/byte 
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M2864/M2864H 



DC Opentlng ChatSCteriStlCS (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


Test Condition 


Min. 


Max. 


Ice 


Active Vcc Current 
(Includes Write Operation) 




120 


mA 


CE = OE = Vil; All I/O Open; 
Other Inputs = Vcc Max. 


iSB 


Standby Vcc Current 




50 


mA 


CE = ViH, OE = Vil; All I/O Open; 
Other Inputs = Vcc Max. 


ILI 


input Leakage Current 




10 


mA 


ViN = Vcc Max. 


ILO 


Output Leakage Current 




10 


mA 


VouT = Vcc Max. 


ViL 


Input Low Voltage 


-0.1 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc + 1 


V 




Vol 


Output Low Voltage 




0.4 


V 


IOL = 2.1 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 mA 



AC Characteristics Read Operation (Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Limits (ns) 


Units 


Test Conditions 


IVI2864-250 


iVI2864H-300 
iVI2864-300 


iVI2864-35 


IMin. 


IVIax. 


IVIin. 


IMax. 


IMln. 


IMax. 


tRC 


Read Cycle Time 


250 




300 




350 




ns 


CE = 61 = Vil 


tCE 


Chip Enable Access Time 




250 




300 




350 


ns 


OE = Vil 


tAA 


Address Access Time 




250 




300 




300 


ns 


CE = OE = Vil 


tOE 


Output Enable Access Time 




90 




100 




100 


ns 


CE = ViL 


tDF 


Output Enable High to Output Not 
being Driven 





60 





60 





80 


ns 


CE = ViL 


tOH 


Output Hold from Address Change, Chip 
Enable, or Output Enable whichever occurs 
first 

















ns 


CE or OE = Vil 



Read Cycle Timing 



ADDRESSES 
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M2864/M2864H 



Capacitance ta'" = 25°c; f = i mhz 



Symbol 


Parameter 


Max. 


Conditions 


CiN 


Input Capacitance 


6pF 


ViN = V 


COUT 


Data (I/O) Cap, 


10 pF 


Vi/0 = V 



AC Test Conditions 

Output Load: 1 TTL gate and Cl = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 V and 2 V 

Outputs 0.8 Vand2V 



AC Characteristics 

Write Cycle (Over the Operating Vcc and temperature range) 



Symbol 


Parameter 


Limits 


Units 


iVI2864H-250 
M2864-250 


M2864H-300 
M2864-300 


M2864-35 


Min. 


IMax. 


Min. 


Max. 


Min. 


Max. 


twc 


Write Cycle Time/Byte 
Standard Family Only 




10 




10 




10 


ms 


"H" Family Only 




2 




2 




— 


ms 


tAS 


Address to WE Set Up Time 


10 




10 




10 




ns 


tcs 


CE to Write Set Up Time 

















ns 


tWpI21 


WE Write Pulse Width 


150 




150 




150 




ns 


tAH 


Address Hold Time 


50 




50 




70 




ns 


tDS 


Data Set Up Time 


50 




50 




50 




ns 


tDH 


Data Hold Time 


20 




20 




20 




ns 


tCH 


CE Hold Time 

















ns 


tOES 


OE Set Up Time 


10 




10 




10 




ns 


tOEH 


OE Hold Time 


10 




10 




10 




ns 


tDL 


Data Latch Time 


50 




50 




50 




ns 


tDvl^l 


Data Valid Time 




1 




1 




1 


fJS 


tDB 


Time to Device Busy 




200 




200 




200 


ns 



Notes: 

1. Thi s parameter is only sampled and not 100% tested. 

2. WB is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 

3. Data must be valid within a ^ /js maximum after the initiation of a write cycle. 
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M2864/M2864H 



Write Cycle Timing 



ADDRESSES 



lOES- 



/ 



X 



\ 



-lAS- 



<OEH- 



1_;"\ / 



1 



■*-tCH^ 



tos 



t 



\ 



IQL- 



,r^^^_f 



«DL- 



•dh 



> 



-tDB- 



1-^ 



•wc 



i-seeQ 



Technology, Incorpomted 



4-39 



M2864/M2864H 



Ordering Information 



LM 2864 H— 300 

PART NUMBER Q ^ 2864 —250 



J 



J 



OPERATING 
PACKAGE TEMPERATURE 

TYPE RANGE 



DEVICE TYPE 



WRITE TIME ACCESS TIME 



D=CERDIP 2864 = 8K X 8 E2ROM (BLANK) = 10 ms 250 = 250 m 

L=LEADLESS M = -55°C to+125°C H = 2nis 300 = 300nt 

CHIP 

CARRIER 



Packaging Information 

28-LEAD HERMETIC CERDIP PACKAGE TYPE D 



i-ir-ir-ir-if-ii-ii-innnni-ir-ir-i 



A 0.557 ± 0.042 
S (14.15 + 1.07) 



uuuuuuuuuuuuuu 



1.460 ± 0.02S 
(37.08 ± 0.64) 



0.160 ± 0.02 
(4.06 ± 0.50) 



ffMKM'MMRl 



0.04 ± 0.02 
(1.01 ± 0.50) 




KHKP 



0.610 ± 0.01 
"(15.49 ±0.25)" 



■^ rll"*" 0.125 MIN. 

0.100 + 0.010 I 0.018 + 0.002 (3.17) 

(2.54 + 0.25) I (0.45 ± 0.05) 

0.055 + 0.008 

(1.39 ± 0.20) 



0.010 + 0.002 
(0.25 + 0.05) 



0.660 + 0.04 
(16.76 + 1.01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 



LEADLESS CHIP CARRIER 32 PIN PACKAGE 




— 0.093 - 0.077 



|«— 0.300-H 



UJ 0.028 - 0.022 




TOP VIEW 



BOTTOM VIEW 
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M52B13/M52B13H 

(Military Temperature Range) 

E52B13/E52B13H 

(Extended Temperature Range) 

16K Electrically Erasable E2 ROM 

June 1985 



Features 

■ Full Military and Extended Temperature 
Range 

— M52B13/M52B13H: -55 to 125° C 

— E52B13/E52B13H:-40to85°C 

■ Input Latches 

m 5V ± 10% 2K X 8 E2R0M 

m 1 ms (52B13H) or 9 ms Byte TTL Erase/Byte 
Write 

■ 10,000 Erase/Write Cycles per Byte 

■ Chip Erase and Byte Erase 

■ Silicon Signature™ and DITrace"* 

■ Fast Read Access Time — 250 ns 

■ Infinite Number of Read Cycles 

■ JEDEC Approved Byte Wide Memory Pinout 
m M2816 E^ Compatible 



Block Diagram 



A3-oCI^ 



'C^ 



COLUMN 
ADDRESS 
LATCHES 



=^ 



ROW 
ADDRESS 
LATCHES 




COLUMN 
ADDRESS 
DECODE 



Description 

SEEQ's M52B13 and E52B13 are 2048 x8,5 volt electri- 
cally erasable, read only memories (E^ROM) which are 
specified over the military and extended temperature 
range respectively. They have input latches on all 
addresses, data, and control (chip and output) lines. In 
addition, for applications requiring fast byte write time 
(1 msec), an M52B13H and E52B13H are also available. 
Data is latched and electrically written by a TTL (or a 21 
V pulse for the M52B13/E52B13) pulse on the Write 
Enable pin. Once written, which requires under 10 ms, 
there is no limit to the number of times data may be read. 
Both byte and chip erase modes are available. The 
erasure time in either mode is under 10 ms, and each 
byte may be erased and written up to 10,000 times. 

The M52B13 is compatible to the I\/I2816 and SEEQ's 
M5213. For system upgrades of these older generation 
E2R0MS, the M52B13 is specified over the full -55 to 
+125° C temperature range and has an access time of 
250 ns. The M52B13 is available in a 24 pin cerdip 
package. (continued on next page) 

Pin Configuration 

M52B13/E52B13 



=c> 



ROW 
ADDRESS 
DECODE 



Iz 



MEMORY 
ARRAY 




*'t; 


1 ^ 


■^ 2. 




AsC 


2 


23 




Asi; 


3 


22 




A,|; 


4 


21 




A3t 


5 


20 




A.(; 


6 


19 




A,i; 


7 


18 




Aot 


8 


17 




1/0,^ 


9 


16 




1/02^ 


10 


IS 




1/03^ 


11 


14 




gnd(^ 


12 


13 











I/O? 
I/Os 



Pin Names 



Ao-Aio 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR 
ERASE) 
DATA OUTPUT (READ) 
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These E^ROMs are ideal for applications that require a 
non-volatile memory with in-system write and erase 
capability. Dynamic reconfiguration (the alteration of 
operating software in real-time) is made possible by this 
device. Applications will be found in military avionics 
systems, programmable character generators, self- 
calibrating instruments/machines, programmable 
industrial controllers, and an assortment of other sys- 
tems. Designing the E^ROMs into eight and sixteen bit 
microprocessor systems is also simplified by utilizing 
the fast access time with zero wait states. The addition 
of the latches on all data, address and control inputs 
reduces the overhead on the system controller by elimi- 
nating the need for the controller to maintain these 
signals. This reduces IC count on the board and 
improves the system performance. 



Device Operation 

SEEQ's 52B13 and52B13H have six modes of operation 
(see Table 1) and except for the chip erase mode they 
require only TTL inputs to operate these modes. 

To write into a particular location of the 52B13 or 
5281 3H, that byte must first be erased. A memory loca- 
tion is erased by presenting the 5281 3 or 5281 3H with 
Chip Enable at a TTL low while Output Enable is at TTL 
high, and TTL highs (logical 1's) are being presented to 
all the I/O lines. These levels are latched and the data 
written when write enable is brought to a TTL low level. 
The erase operation requires under 10 ms. A write opera- 
tion is the same as an erase except true data is presented 
to the I/O lines. The 5281 3H performs the same as the 
52813 except that the device operates at 5 volts only and 
the byte erase/byte write time has been enhanced to 1 
ms. 

The 52813 is compatible to prior generation E2ROMs 
which required a high voltage signal for writing and 
erasing. In the 528 1 3 there is an internal dual level detec- 



M52B13/M52B13H 
E52B13/E52B13H 

tion circuit which allows either a TTL low or 21 V signal 
(52813 only) to be applied to WE to execute an erase or 
write operation. The 52813 specifies no restriction on 
the rising edge of WE. 

For certain applications, the user may wish to erase the 
entire memory. A chip erase is performed in the same 
manner as a byte erase except that Output Enable is 
between 14V and 22V. AII2K bytes are erased in under 10 
ms. 

A characteristic of all E2R0l^s is that the total number of 
write and erase cycles is not unlimited. The 52813 and 
52B13H have been designed for applications requiring 
up to 10,000 write and erase cycles per byte. The write 
and erase cycling characteristic is completely byte inde- 
pendent. Adjacent bytes are not affected during 
write/erase cycling. 

A fter the device is written, data is read by applying a TTL 
high to WE, enabling the chip, and enabling the outputs. 
Data is available, tcE time after Chip Enable is applied or 
tACC time from the addresses. System power may be 
reduced by placing the 52813 or 5281 3H into a standby 
mode. Raising Chip Enable to a TTL high will reduce the 
power consumption by over 60%. 
SEEQ's family of E^ROMs incorporate Silicon Signa- 
ture™ and Ditrace™ fields. The Silicon Signature™ feature 
is a method for storing device and programming infor- 
mation on-chip in an extra row of ROM cells. 
Included in the user-accessible Silicon Signature™ 
field is the manufacturer's name (SEEQ) and the pro- 
duct's wafer fabrication location. The DiTrace™ 
feature is a method for storing production flow infor- 
mation to the wafer level in an extra column ofE^ROM 
cells. As each major manufacturing operation is per- 
formed the DiTrace™ field is automatically updated to 
reflect the results of that step. These features establish 
manufacturing operation traceability of the packaged 
device back to the wafer level. Contact SEEQ for addi- 
tional information on these features. 



Table 1. Mode Selection (Vcc 


= 5V ± 10%) 








Mode ^ — U____^^ 


CE 
(18) 


OE 
(20) 


WE 
(21) 


I/O 
(9-11,13-17) 


Read 111 


VlL 


VlL 


VlH 


DOUT 


Standby ni 


VlH 


Don't Care 


VlH 


High Z 


Byte Erase l^) 


VlL 


VlH 


VlL 


Din = VlH 


Byte Writel^l 


VlL 


VlH 


VlL 


Din 


Chip Erase '^l 


VlL 


VOE 


VlL 


Din = VlH 


Write/Erase Inhibit 


VlH 


Don't Care 


Don't Care 


HighZ 



Notes: 

1 . WE may be from Vim to 6V in the read and standby mode. 

2. WE may be at Vil (TTL W/E Mode) or from 14V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip erase mode 
for the 52B13. The 52B13H requires WE to be at Vil for these same modes. 
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M52B13/M52B13H 
E52B13/E52B13H 



52B 13/52B 13H Specification Differences 

Except for the functional differences noted here, the 52B13 and 52B13H operate to the same specifications, 
including the TTL W/E mode. 



Symbol 


Function/Parameter 


M52B13 
E52B13 


M52B13H 
E52B13H 


Units 


Min. 


Max. 


Min. 


Max. 


tWP 


Write Enable Pulse Width 
Byte Write/Erase 

Chip Erase 


9 
9 




1 
9 




ms 
ms 


VwE 


WE Write/Erase Voltage 
High Voltage Mode 


14 


22 


Not Applicable 


V 



Power Up/Down Considerations 

SEEQ's "52B" £2 family has internal circuitry to 
minimize false erase or write during system Vqc 
power up or down. Tills circuitry prevents writing 
or erasing under any one of the following 
conditions: 

1- Vcc is less than 3 V. 

2. A negative Write Enable transition has not 
occurred when Vcc is between 3 V and 5 V. 

Under the above conditions, the outputs are in a 
high impedance state. 
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Absolute Maximum Stress Ratings* 

Temperature 

Storage -65° C to +1 50° C 

Under Bias -65°C to +135°C 

All Inputs or Outputs with 

Respect to Ground +7V to -0.6V 

WE During Writing/Erasing 

with Respect to Ground +22V to -0.3V 

Duration of WE Supply at 

22V During W/E Inhibit 24 Hours 



M52B13/M52B13H 
E52B13/E52B13H 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This Is a stress rating only and functional operation 
of the device at these or any other conditions above those 
Indicated in the operational sections of this specification Is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



Recommended Operating Conditions 





Read Mode 


Byte Write or Erase Mode 


Chip Erase Mode 


Vcc Supply Voltage 


5V±10% 


5V±10% 


5 V±10% 


Temperature Range: 
M52B13/M51B13H 


-55 to +1 25° C 


-55 to +1 25° C 


-55 to +1 00° C 


E52B13/E51B13H 


-40 to +85° C 


-40 to +85° C 


-40 to +85° C 


Q (Maximum Endurance)!''! 


- 


10,000 cycles/byte 


10,000 cycles/byte 



D.C. Operating Characteristics During Read or Write/Erase 



Symbol 


Parameter 


Min. 


Nom.l2] 


Max. 


Unit 


Test Conditions 


llN 


Input Leakage Current 






10 


mA 


ViN = Vcc Max. 


lo 


Output Leakage Current 






10 


mA 


VouT = Vcc Max. 


IWE 


Write Enable Leakage 
Read Mode 






10 


mA 


WE = Vih 


TTL W/E Mode 






10 


mA 


WE = ViL 


High Voltage W/E ModeCT 






1.5 


mA 


WE = 22V, CE = ViL 


High Voltage W/E Inhibit ModeOl 






1.5 


mA 


We = 22V, CE = ViH 


Chip Erase — TTL Mode 






10 


mA 


WE = Vil 


Chip Erase— High Voltage 
Models] 






1.5 


mA 


We = 22V 


Icci 


Vcc Standby Current 




15 


35 


mA 


CE = ViH 


ICC2 


Vcc Active Current 




50 


90 


mA 


CE = Ol = ViL 


ViL (D.C.) 


Input Low Voltage (D.C.) 


-0.1 




0.8 


V ~1 




ViL (A.C.) 


Input Low Voltage (A.C.) 


-0.4 






V 


Time.= 10 ns 


VlH 


Input High Voltage 


2 




Vcc + 1 


V 




VWE 


WE Read Voltage 


2 




Vcc + 1 


V 




WE Write/Erase Voltage 
TTL Mode 


-0.1 




0.8 


V 




High Voltage Mode[31 


14 




22 


V 




Vol 


Output Low Voltage 






0.45 


V 


IOL = 2,1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -400 mA 


VOE 


OE Chip Erase Voltage 


14 




22 


V 


lOE = 10 /uA 



Notes: 

1. Each byte may be written or erased, over the temperature and V^c range, up to the recommended 
endurance (Q) specification. 

2. Nominal values are for T^ = 25° C and Vcc ~ ^^ V. 

3. This mode is not available on the M52B13H/E52B13H. 
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M52B13/M52B13H 
E52B13/E52B13H 



A.C. Operating Characteristics During Read 



Symbol 


Parameter 


Device 

Number 

Extension 


M52B13/ 
M52B13H 


E52B13/ 
E52B13H 


Units 


Test 
Conditions 


Min. 


Max. 


MIn. 


Max. 


tACC 


Address to Data Valid 


-250 
-300 
-350 




250 
300 




250 
350 


ns 
ns 
ns 


CE = OE = ViL 


tCE 


Chip Enable to Data Valid 


-250 
-300 
-350 




250 
300 




250 
350 


ns 
ns 
ns 


OE = ViL 


tOElH 


Output Enable to Data Valid 


-250 
-300 
-350 


10 
10 


90 
90 


10 
10 


90 

110 


ns 
ns 
ns 


CE = ViL 


tDFl2l 


Output Enable to High Impedance 


-250 
-300 
-350 






70 
70 






70 
80 


ns 
ns 
ns 


CE = ViL 


tOH 


Output Hold 


All 












ns 


CE=OE = ViL 


Cin/Cout131 


Input Capacitance 


All 




10 




10 


pF 


ViN = V for 
CiN,VoUT = 0V 
for CouT, 
Ta = 25°C 


Output Capacitance 


All 




10 




10 


PF 



Equivalent AC. Test Condltlonsi^] 

Output Load: 1 TTL gate and C/. = 700 pF 

Input Rise and Fall Times: < 20ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: 
Inputs 1Vand2V 
Outputs 0.8V and 2V 



READ TIMING 



DRESSES 


)? 


k 

ADDRESSES VALID 








Cl 




\ 






t 








A 




OE 




HIGHZ 






--toEfll — 






lllUl 










\\\\\\ 






-tACC ► 





:;zK 



.-.J 
...J 



tOH- 



-tDpI^l-H 



Notes: 

1. OE may be delayed up to Iacc — toE after the falling edge of CE without impact on Iacc- 

2. toF is specified from OE or CE, whichever occurs first. 

3. This parameter is periodically sampled. 

4. After Ih, hold time, from WE, the inputs CE, OE, Address and Data are latched and are "Don't Cares" until t^vR, Write Recovery Time, 
after the trailing edge of WE. 

5. The Write Recovery Time, twR, is the time after the trailing edge of WE that the latches are open and able to accept the next mode 
set-up conditions. Reference Table 1 (page 2) for mode control conditions. 

6. These are equivalent test conditions and actual test conditions are dependent on the tester 
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M52B13/M52B13H 
E52B13/E52B13H 



A.C. Operating Characteristics During Write/Erase 



Symbol 


Parameter 


Min. 


Max. 


Units 


■ ts 


CE, OE or Address Setup to WE 


50 




ns 


tDS 


Data Setup to WE 







ns 


tHKl 


WE to CE, OE, Address or Data Change 


50 




ns 


twp 


Write Enable, WE, 
Pulse Width 


Chip Clear — All Devices 


9 




ms 


Byte Modes — M52B13/E52B13 


9 




ms 


Byte Modes — M52B13H/E52B13H 


1 




ms 


twRlSl 


\NE to Mode Change 


50 




ns 



BYTE ERASE OR BYTE WRITE TIMING 



ADDRESSES 



(ERASE) 



KJEZK 



\ I 



/ 



J 



^r,,: 11 )- 



DON'T CARE 



DON'T CARE 



DON'T CARE 



i '"'° X 



DON'T CARE 



\ 



DON'T CARE 



-BYTE ERASE/WRITE PERIOD - 



-START OF NEXT MODE 



Notes: See AC notes on page 4-45. 
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M52B13/M52B13H 
E52B13/E52B13H 



CHIP ERASE TIMING 




DON'T CARE 



r -(f y 

i-14V -*- 



\ 



,^ 



-CHIP ERASE PERIOD- 



U START OF NEXT MODE 



Ordering and Packaging Information 



PART NUMBERS 
DM52B13 -250 
DM52B13H-250MP 



SCREENING: 

MP = MILITARY PROCESSED 
BLANK = SEEQ STANDARD SCREENING 
' ACCESS TIME (ns) 

■ H = 1 ms WRITE TIME 
AND 5 V ONLY OPERATION 
BLANK = 10 ms AND 5 V/21 V OPERATION 

PRODUCT: 2K X 8 E^ROM 

' TEMPERATURE RANGE: 
M=-5Sto125°C 
E = -40 to 85° C 

PACKAGE: 

D = CERDIP 

(CONTACT SEEQ REGARDING 

CHIP CARRIER) 



24-LEAD HERMETIC CERDIP 
PACKAGE TYPE D 



f-inr-irni-ii-ir-innr-if-ir-i 



UUUUUUUUUUULT 

, 1.260 ±0.025 . 

(32.00 ± 0.64) ' 



0.557 ±0.042 
(14.15 + 1.07) 



0.160 ±0.02 
(4.06 ± O.SO) 




wm 






0.100 ± 0.010 
(2.54 ± 0.25) 



m 



_ 0.610 ± 0.01 _ 
(15.49 ± 0.25) 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.055 ± 0.008 
(1.39 ± 0.20) 



^ Hh 


0.125 


MIN. 




0.018 ± 0.002 


(3.17) 




(0.45 ± 0.05) 






(16.76 + 1.01) 



DIMENSIONS IN INCHES AND (MILLIMETERS). 
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M52B33/M52B33H 
E52B33 

64K Electrically Erasable E^ROM 



March 1985 



Features 

■ Full Military and Extended Temperature 
Range 

- M52B33/M52B33H: -55 to 125°C 

— E52B33:'40to85°C 

■ 10,000 Write Cycles/Byte Over Temperature 

■ Input Latches 

m5V±10%Vcc 

■ 1 ms (52B33H) or 9 ms TTL Byte Erase/Byte 
Write (52B33) 

■ Power Up/Down Protection 
m DITrace'" 

■ Fast Read Access Time— 250 ns 

■ Infinite Number of Read Cycles 

■ JEDEC Approved Byte-Wide IVIemory PInout 

Description 

SEEQ's M52B33 and E52B33 are 8196 x 8, 5 V elec- 
trically erasable read only memories (E^ROM) which 
are specified over the military and extended temper- 



ature range respectively. They have input latches on 
all addresses, data, and control (chip and output) 
lines. In addition, for applications requiring fast byte 
write time (1 ms), an 1\/I52B33H is also available. Data 
is latched and electrically written by a TTL pulse on 
the Write Enable pin. Once written, there Is no limit 
to the number of times data may be read. The era- 
sure time is under 10 ms, and each byte may be 
erased and written up to 10,000 times. 

The M52B33 is available in a 28 pin cerdip or 32 
pin leadless chip carrier. The pin configuration is 
to the JEDEC approved byte wide memory pinout 
for these two types of packages. These E^ROMs are 
ideal for applications that require a non-volatile 
memory with in-system write and erase capability. 
Dynamic configuration (the alteration of opening 
software in real-time) is made possible by this 
device. Applications will be found in military avionics 
systems, programmable character generators, self- 
calibrating instrument/machines, programmable 
industrial controllers, and an assortment of other 

(continued on page 2) 



Block Diagram 



Ao-A, 



Ag-Ai 



COLUMN 
ADDRESS 
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ADDRESS 
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ADDRESS 
DECODE 
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DECODE 
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LATCH ENABLE 
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Pin Configurations 



DUAL-IN-LINE 
TOP VIEW 



LEADLESS CHIP CARRIER 
BOTTOM VIEW 



ccc 


, 


^ « 


A,2 3 




27 


A,q 




26 


Aei; 




25 


Ast; 




24 


A4^ 




23 


A3I; 




64K " 


A2I, 






All. 




20 


AoC 


10 




l/Oit 


" 


. 


I/O2I; 


12 




I/O3I; 


" 


,e 


GNDi; 


■■ 






Pin Names 



Ac 


ADDRESSES - COLUMN (LOWER ORDER BITS) 


Ar 


ADDRESSES - ROW 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O 


DATA INPUT (WRITE OR ERASE), DATA OUTPUT (READ) 


CC 


CHIP CLEAR 


N/C 


NO CONNECT 
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M52B33/M52B33H 
E52B33 



systems. Designing the E^ROMs into eight and six- 
teen bit microprocessor systems is also simplified by 
utilizing the fast access time zero wait states. The 
addition of the latches on all data, address and con- 
trol inputs reduces the overhead on the system 
controller by eliminating the need for the controller 
to maintain these signals. This reduces IC count on 
the board and improves the system performance. 

Device Operation 

SEEQ's 52B33 and 52B33H have six modes of opera- 
tion (see Table 1) and require only TTL inputs to 
operate these modes. 

To write into a particular location, that byte must 
first be erased. A memory location is erased by hav- 
ing valid addresses, Chip Enable at a TTL low. 
Output Enable at TTL high, and TTL highs (logical 
1's) presented to all the I/O lines. Write Enable is 
then brought to a TTL low level to latch all the 
inputs. The erase operation requires under 10 ms. A 
write operation is the same as an erase except true 
data is presented to the I/O lines. The 52B33H per- 
forms the same as the 52833 except that the byte erase/ 
byte write time has been enhanced to 1 ms. 

For certain applications, the user may wish to erase 
the entire memory. This feature (chip clear) is 
optional and the timing specifications are available 
from SEEQ. 

A characteristic of all E^ROMs is that the total 
number of write and erase cycles is not unlimited. 
The 52B33 is designed for applications requiring up 
to 10,000 write and erase cycles per byte over the 
temperature range. For applications requiring higher 
endurance or reliability, a 55B33 at 1,000,000 cycles 
is being characterized. Further information on the 
55B33 is available from SEEQ. The write and erase 
cycling characteristics are completely byte inde- 
pendent. Adjacent bytes are not affected during 
write/erase cycling. 



After the device is written, data is read by applying a 
TTL high to WE, enabling the chip, and enabling the 
outputs. Data is available, Tqe time after Chip Enable 
is applied or T^cc f""© from tt)e addresses. System 
power may be reduced by pacing the device into a 
standby mode. Raising Chip Enable to a TTL high 
will reduce the power consumption by over 60%. 

SEEQ's family of E2ROMs incorporates a DiTrace^" 
field. The DiTrace^" feature is a method for storing 
production flow information to the wafer level in an 
extra column of E^ROM cells. As each major manu- 
facturing operation is performed the DiTrace^" field 
is automatically updated to reflect the results of that 
step. These features establish manufacturing opera- 
tion traceability of the packaged device back to the 
wafer level. Contact SEEQ for additional information 
on these features. 



Chip Clear 

Certain applications may require all bytes to be 
erased simultaneously. This feature is optional and 
the timing specifications are available from SEEQ. 



Power Up/Down Considerations 

SEEQ's "52B" £2 family has internal circuitry to min- 
imize false erase or write during system Vqc power 
up or down. This circuitry prevents writing or eras- 
ing under any one of the following conditions. 

1. Vccis less than 3 V. 

2. A negative Write Enable transition has not 
occurred when Vqc is between 3 V and 5 V. 

Writing will also be prevented if CE or OE are in a 
logical state other than that specified for a byte write 
in the Mode Selection table. 
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Mode Selection (labieD 



M52B33/M52B33H 
E52B33 



~^^^^^^^ Function 
Mode ^^^^i^ 


CE 
(20) 


cc 

(1) 


OE 
(22) 


WE 
(27) 


I/O 
(11-13,15-19) 


Read 


ViL 


VlH 


ViL 


VlH 


DOUT 


Standby 


VlH 


Don't Care 


Don't Care 


Don't Care 


HighZ 


Byte Erase 


ViL 


VlH 


VlH 


VlL 


Din = VlH 


Byte Write 


ViL 


VlH 


VlH 


ViL 


Din 


Chip Clear 


ViL 


ViL 


VlH 


VlL 


VlL or VlH 


Write/Erase Inhibit 


VlH 


Don't Care 


Don't Care 


Don't Care 


HighZ 



Absolute Maximum Stress Rating* 

Temperature 

Storage -65° C to +150° C 

Under Bias -65° C to +135° C 

All Inputs or Outputs with 

Respect to Ground +7V to -0.6V 



'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to fhe device. Thiis 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 



Recommended Operating Conditions 





Read Mode 


Byte Write or Erase Mode 


Vcc Supply Voltage 


5 V ± 10% 


5 V ± 10% 


Temperature Range: 
M52B33/M52B33H 


-55 to +125° C 


-55 to +125°C 


E52B33 


-40 to +85° C 


-40 to +85° C 


Q (Maximunn Endurance)!''! 


- 


10,000 cycles/byte 



DC Operating Characteristics During Read or Erase/Write 

(Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Min. 


Nom.t^l 


Max. 


Unit 


... 
Test Condition 


llN 


Input Leakage Current 






10 


mA 


ViN = Vcc IVIax 


lo 


Output Leal<age Current 






10 


mA 


VoUT = Vcc Max 


IWE 


Write Enable Leal<age 
Read IVIode 
W/E Mode 






10 
10 


mA 
mA 


WE = VlH 
WE = VlL 


icci 


Vcc Standby Current 




15 


50 


mA 


CE = ViH 


ICC2 


Vcc Active Current 




50 


120 


mA 


CE=OE = ViL 


VlL (DC) 


Input Low Voltage (DC) 


-0.1 




0.8 


V 




VlL (AC) 


Input Low Voltage (AC) 


-0.4 






V 


Time= 10 ns 


VlH 


Input High Voltage 


2 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


l0L = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -400 fxA 



Notes: See page 4-51 for notes. 
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M52B33/M52B33H 
E52B33 



A.C. Operating Characteristics During Read 

(Over the operating Vcc and temperature range) 



Symbol 


Parameter 


Device 

Number 

Extension 


IVI52B33 
IVI52B33H 


E52B33 


Unit 


Test 
Conditions 


IVIin. 


IVIax. 


lUlin. 


IVIax. 


tACC 


Address to Data Valid 


-250 
-300 




250 
300 




250 
300 


ns 
ns 


CE=OE = ViL 


tCE 


Cliip Enable to Data Valid 


-250 
-300 




250 
300 




250 
300 


ns 
ns 


OE = ViL 


tOE[3] 


Output Enable to Data Valid 


-250 
-300 


10 
10 


90 
90 


10 
10 


90 
90 


ns 
ns 


CE=ViL 


tDF[4] 


Output Enable to High Impedance 


-250 
-300 






70 
70 






70 
70 


ns 
ns 


CE = ViL 


tOH 


Output Hold 


All 












ns 


CE = OE = ViL 


Cin/ 
Cout[5] 


Input/Output Capacitance 


All 




10 




10 


pF 


ViN = V for 
Cin, Vout = V 
for CouT, 
Ta = 25°C 



Read Cycle Timing 



ADDRESSES 


)^ 


ADDRESSES VALID 








CE 




^ 
















6e 




HIGH 


V 






\*- 'oe'^'^ 






^ ////// 








, 


\\\\\\ 






tACC " 





ZZK 



.J 



* tnpWH 



^m 



Notes: 

1. Nominal values are for Ta -25° C and Vcc = 5.0 V. 

2. Each byte may be written or erased, over the temperature and Vqc range, up to the recommended endurance (Q) specification. 

3. OE may be delayed to tACc— toE after the falling edge of CE without impact on tAcc- 

4. toF is specified from OE or CE, whichever occurs first. 

5. This parameter is periodically sampled. 

6. After tn, hold time, from WE, thejnputs CE, OE, CC, Address and Data are latched and are "Don't Cares" until twR, Write Recovery 
Time, after the trailing edge of WE. 

7. The Write Recovery Time, twR, is the time after the trailing edge of WE that the latches are open and able to accept the next mode 
set-up conditions. Reference Table 1 (page 2) for mode control conditions. 

8. These are equivalent test conditions and actual test conditions are dependent on the tester 
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A.C. Operating Characteristics During Write/Erase 

(Over the operating Vcc and temperature range) 



See page 4 for notes. 

Equivalent A.C. Test Conditions^^^ 

Output Load: 1 TTL gate and C/. = 100 pF 
Input Rise and Fall Times: < 20 ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 Vand2V 

Outputs 0.8 V and 2 V 

Byte Erase or Byte Write Cycle Timing 



M52B33/M52B33H 
E52B33 



Symbol 


Parameter 


Limits 


Units 


iVIin. 


Max. 


ts 


CE, OE or Address Setup to WE 


50 




ns 


tDS 


Data Setup to WE 







ns 


tH'^' 


WE to CE, OE, Address or Data Change 


50 




ns 


tWP 


Write Enable, (WE) Pulse Width 
Byte Modes — M52B33/E52B33 


9 




ms 


Byte Modes — M52B33H 


1 




ms 


Chip Clear — M52B33/M52B33H 


100 




ms 


Chip Clear — E52B33 


100 




ms 


tWR'^1 


We to Mode Change 

WE to Next Byte Write/Erase Cycle 


50 




ns 


WE to Start of a Read Cycle 


1 




MS 



ADDRESSES 



I/O , 
(WRITE MODE) 



I/O . 
(ERASE MODE)' 



><.j!^K 



N_^/ 



'/^X 



Ids I 



J 



\ 



i ^"'° X 



DON'T CARE 



DON T CARE 



DON'T CARE 



-twp- 



/ 



"-•WR-J 



DON'T CARE 



\ 



DON'T CARE 



-BYTE ERASE/WRITE PERIOD - 



-START OF NEXT MODE 
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M52B33/M52B33H 
E52B33 



Ordering Information 



PART NUMBER 



OPERATING 
PACKAGE TEMPERATURE 

TYPE RANGE 



D=CERDIP E = -40°Cto + 85°C 

L=LEADLESS M = -55°C to + 125°C 

CHIP 

CARRIER 



LM52B33H — 300 
DM52B33 — 250 

J 



J 



DEVICE TYPE 



WRITE TIME ACCESS TIME 



S2B33 = 8K X 8 E^ROM (BLANK) = 10 ms 250 = 250 ns 

H = 1 ms, 5 Volt 300 = 300 ns 



Pacicaging information 

28-LEAD HERMETIC CERDIP PACKAGE TYPE D 



r-ir-ir-ini-ii-ii-ii-ir-ii-ir-ir-ir-ir-1 



UUUUUUUUUUUUUU 

1.460 ± 0.025 

' (37.08 ± 0.64) 



0.557 ± 0.042 
(14.15 ±1.07) 



0.160 + 0.02 610 ±0 01 
(4.06 ± 0.50) *(15.49 j 0.25)" 



m 



H K 



0.04 + 0.02 0.100 ± 0.010 

(1.01 t 0.50) (2.54 t 0.25) 




TT 



0.018 ± 0.002 
(0.45 ± 0.05) 



0.010 ± 0.002 
(0.25 ± 0.05) 

_ 0.660 + 0.04 I 
(16.76 ±1.01) I 



0.055 ± 0.008 
(1.39 10.20) 



0.125 MIN. 
(3.17) 



DIMENSIONS IN 
INCHES AND (MILLIMETERS). 



LEADLESS CHIP CARRIER 32 PIN PACKAGE 




0.066 - 0.054 - 
0.079 - 0.065 - 



0.028 - 0.022 



|-— 0.300-H 




TOP VIEW 



BOTTOM VIEW 
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Military Quality 
Assurance Program 



SEEQ's Management emphasis is on Quality in products and performance, converting tiie results of the Technol- 
ogy evolution and innovations to the greatest benefit of our customers v\/ith an ever increasing degree of system 
reliability, quality, and functionality. 

SEEQ's comprehensive and interactive Quality program is designed to exceed military and customer expectations 
and requirements. 

SEEQ's Quality program uses military standards as a guide; including MIL-Q-9858, MIL-l-45208, MIL-M-38510 
Appendix A, MIL-STD-45662, FED-STD-209 and MIL-STD-883. Key segments of the Quality program are 
described below. 



Quality Assurance 

SEEQ's Quality Assurance activity audits and moni- 
tors the operating system and reports compliance to 
processing requirements. Included w/ithin the activity 
is inspection of incoming material and outgoing pro- 
duct, audits and process monitors of Fab, Assembly 
and Test. Product improvement and corrective action 
is based on statistical data reduction and analysis. 

Quality Control 

SEEQ's Quality Control activity is an in-line inspec- 
tion, reporting and statistical control system. Included 
is product inspection, and disposition of material and 
processes which do not conform to specification. 

Quality Engineering 

Quality engineering supports incoming. Fab, assem- 
bly, test, customer returns, and failure analysis through 
the use of statistics and analytical capabilities. Quality 
Engineering supplies focus, coordination and integra- 
tion for quality improvement and system optimization, 
throughout the entire business entity of SEEQ. 

Product l\/lonitor Program 

SEEQ's Product Monitor Program merges the classi- 
cal reliability Quality Conformance Inspection (QCI, 
Groups B, C, and D) and Device Qualification Activi- 
ties into one comprehensive product data base. 
Results are published quarterly. 



Document Control 

Document Control generates, implements and main- 
tains .procedures that will ensure control of all 
docurrjents related to the design, production and test- 
ing of^manufactured products, including the trans- 
lation of customer specification requirements into 
SEEQ internal travelers, specifications and pro- 
cedures. 

SEEQ's Document Control program assures internal 
specifications and procedures are maintained to the 
correct revision levels (Engineering Change Notice 
Control) and provides historical records of all 
changes. 



Reliability Engineering 

Reliability (quality over time) is built into each SEEQ 
device, using proven engineering techniques. 
Process and product performance is demonstrated 
using accelerated stresses and tests. Results are 
jointly analyzed with design and sustaining engi- 
neering; then any improvements are incorporater" 
into manufacturing. 

Device Pliysics 

The Device Physics groups help characterize the 
design and process, particularly in regard to quality 
and reliability. Potential failure mechanisms are ana- 
lyzed for impact on processing and design. Overall 
product performance is enhanced by development 
of test, screens, process or design changes as 
necessary. 
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Military Product 
Processing Program 



SEEQ's Military product flow (Chart 1) incorporates manufacturing processing, screening and controls. Controls 
as specified in Military procedures or customer specifications are an integral part of the processing flows in 
wafer fabrication, assembly product screening and test. (Table 1) 



Quality Conformance Inspection 

Group A Tests 

Group A — lot acceptance tests (see Table 1 ) are per- 
formed on each of SEEQ's production lots or sub-lots 
(splits) after completion of all processing. Q.A. electri- 
cal and mechanical inspection is performed to an 
AOQL (Average Outgoing Quality Limit) of 0.65%. For 
electrical acceptance the 0.65% AOQL is cumulative 
for all sub-groups. (AC, DC, fct across temperature). 

Group B — Tests (see Table 2) 

Group B testing is performed by product and package 
type. The Group B covers the lot's (sub lot) seal date 
code and the next consecutive five (5*) weeks of seal. 
The date code marked on the product is the week of 
seal. 

Group C Stresses — (see Table 3) 

The product stressed, as part of Group C, is identical 
to that shipped or from the same process and product 
family. The seal date code of the product covered will 
be the same as or within the 51* consecutive weeks 
following the Group C seal date code. Electrical test is 
per SEEQ data sheet. 

Group D Stresses — (see Table 4) 

The package stressed, as part of Group D, is identical 
to that shipped. The seal date code of product 
covered will be the same as or within the 51* weeks 
following the Group D date code. 

Product Monitors 

On-Going 

Process control monitor samples of product are sub- 
jected to marking permanency, endurance, pressure 
pot and hermeticity. These tests are performed and 
reported by the Quality Assurance activity. Monitor 
tests and procedures are in accordance with appli- 
cable MIL-STD-883 test methods. 



Extended Product Monitors 

As part of SEEQ's product reliability data program 
samples of released military product are subjected 
to extended stresses. The extended stress are sum- 
marized as follows: 

Stress 



Stress 


Frequency 


Duration 


Dynamic Life Stress 


Annually 


10,000 Hours 


Endurance (E^ROM) 


Quarterly 


1 ,000,000 Cycles 


Endurance (EPROM) 


Quarterly 


50 Cycles 


Temperature Cycle 


Quarterly 


1,000 Cycles 


Data Retention 


Quarterly 


1,000 Hours 



Dynamic Static Life Stress Quarterly 1,000 Hours 



Product Monitor 

Quality Conformance Inspection Data 

SEEQ updates quarterly all product monitor data 
and can supply summary data upon request. Generic 
data is defined for Group B, C, and D tests as well as 
other tests SEEQ deems necessary. Electrical end- 
point testing is per SEEQ data sheet using SEEQ 
standard test programs and equipment. Dynamic life 
stress (burn-in) is performed in compliance with 
MIL-STD-883, MIL-STD-883, Method 1015. 



'Frequency is stated for Military processed lots. Some group B, 
C, D stresses and tests for commercial products are performed 
more frequently. 
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Product Processing Flow 
(Chart 1) 



CUSTOMER ORDER 



ORDER ENTRY 

AND 

P.O. REVIEW 



i 






WAFER 
FABRICATION 




QC MONITORS 
QA AUDITS 













WAFER SORT 

ELECTRICAL 

TEST 




QC MONITORS 






















ASSEMBLY AND 

COND. B 100% VISUAL 

METHOD 2010 




QC MONITORS 













QA MONITORS 



i 




ASSEMBLY 100% 

ENVIRONMENTAL 

SCREENS: SEAL FINE 

AND GROSS CONSTANT 

ACCELERATION 

STABILIZATION BAKE 

TEMPERATURE CYCLE 








QC MONITORS 













ASSEMBLY 
EXTERNAL VISUAL 








QC ASSEMBLY 
MONITORS 









i 




RECEIVING 

"ASSEMBLY FINISHED 

PRODUCT" 








QA ASSEMBLY 
MONITORS 









100% PRE 
BURN-IN TEST 



BURN-IN METHOD 1005 

168HRS@125°C 

DYNAMIC 



100% ELECTRICAL 

TEST 

+25°C,-55°C 

AND+125°C 



VISUAL PACK 
METHOD 2009 



QA TEST AUDITS 
AND MONITORS 



QA ELECTRICAL 

MECHANICAL 

ACCEPTANCE @0.65% 

AOQLCUM. +25°C, 

+125°CAND55°C 



QA, QCI 

DOCUMENTATION 

REVIEW — GROUP B, C 

AND D AND DATA 

PREPARATION 



QA SHIPPING 

DOCUMENTATION 

REVIEW AND 

ACCEPTANCE 
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SEEQ Screens, Tests, & Monitors (l^ble 1) 



Military Screen 


MIL-STD Method 


Reqmt. 


Internal Visual 


2010, Test 
Condition B 


100% 


Stabilization Bake 


1008, 24 Hrs @ 
Condition C 


100% 


Temperature Cycling 


1010, Test 
Condition C 


100% 


Constant Acceleration 


2001, Test 
Condition D, Yi 
Orientation Only 


100% 


Seal 

(A) Fine 

(B) Gross 


1014 

Condition A or B 

Condition C or D 


100% 


Visual Inspection 




100% 


Initial (Pre-Burn-ln-Test) 

Electrical 

Parameters 


Per Applicable 
SEEQ Specification 


100% 


Burn-In Stress 


1015, Dynamic® 
125°C 


100% 


(Post-Burn-ln— Test) 
Electrical Parameters 
Tested within 96 Hrs. 


Per Applicable 
SEEQ Specification 


100% 


Percent Defective 
Allowable (PDA) 
Calculation 


5% Cumulative 


100% 


Quality Assurance 
Group A Tests 

(A) Static Tests 

(B) Dynamic Tests and 
Switching Tests 

(C) Functional Tests 


Per Applicable 
SEEQ Specification 

Cumulative across 
temperature (-55, 25, 
125''C) 


.65% 
AOQL 


Qualification or Quality 
Conformance Inspection 
Test Sample Selection 






External Visual 


2009 


100% 



SEEQ Quality Monitors 
Wafer Fab 

Monitors and Audits: 

• Phosphorous Content 

• Spec, and EON Control 

• Defect Density 

• Defect Inspection 

• Critical Dimensions 

• Oxide Thickness 

• On-Going Mask 

• SEM (Step Coverage) 

Assembly Processing 

Monitors: 

• 2nd Optical LTPD 10/1, 
Method 2010 Cond B 

• Die Shear (2 Units/4 Hours) 

• Bond Strength (2 Units/4 Hours) 

• 3rd Optical — LTPD 10/1, 
Method 2010 Cond B 

Assembly Environmentals 

Monitors: 

• Tin Plating Thickness 

• Solderabiiity 

• Visual 

• Equipment Monitors 

• Fine and Gross Leak LTPD 10/1 

Assembly Receiving 

Monitors: 

• Internal Visual 

• Bond Strength 

• Die Shear 

• Lid Torque 

• Lead Fatigue 

Test and Finish 

Monitors: 

• PDA Verification 

• 96 Hour Test Time Window 

• Conformance Audits 

• Solderabiiity 

• Fine Leak/Gross Leak 

• Marking Permanence 

Quality Conformance inspection (QCI) 

Monitors: 

• Group B (Table 2) 

• Group C (Table 3) 

• Group D (Table 4) 
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Group B Tests (Table 2) 



Test 


Test 
Method 


Test Conditions 


Quaiity Levei/ 
Accept Number 


Subgroup 1 

Physical Dimensions 


2016 


Per SEEQ Outline Drawing 


2 Devices (no failures) 


Subgroup 2 

Resistance to Solvents 


2015 




4 Devices (no failures) 


Subgroup 3 

Solderability 


2003 


Soldering Temperature of 
+245° C Plus or Minus 5° C 


LTPD 15 Accept =1 


Subgroup 4 

Internal Visual and Mechanical 


2014 


Failure Criteria Based on Design and 
Construction Requirements of SEEQ 
Specification 


1 Device (no failures) 


Subgroup 5 

Bond Strength 
Ultrasonic or Wedge 


2011 


Test Condition C or D 


LTPD 15 Accept = 1 


Subgroup 7 

(A) Seal 

(1) Fine 

(2) Gross 


1014 


As Applicable 


LTPD 5 Accept = 



Group C Stresses (Table 3) 



Test 


Test 
Method 


Test Conditions 


Quaiity Level/ 
Accept Number 


Subgroup 1 

Steady-State Life Test 

End-Point Electrical 


1005 


Condition B, 1000 Hours 
Per SEEQ Specification 


LTPD 5 Accept = 1 


Subgroup 2 

Temperature Cycling 

Constant Acceleration 

Hermeticity 
Fine 
Gross 

Visual Examination 

End-Point Electrical Parameters 


1010 
2001 
1014 


Condition C, 10 Cycles 
Yi Orientation 20,000 (g) 
As Applicable 

Per SEEQ Specification 


LTPD 15 Accept = 1 
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Group D Stresses (Table 4) 





MIL-STD 




Minimum 




Test 




Quality Level/ 


Test 


Method 


Test Conditions 


Accept Number 


Subgroup 1 








Physical Dimensions 


2016 


PerSEEQ Outline Drawing 


LTPD 15 Accept =1 


Subgroup 2 








Lead Integrity 


2004 


Test Condition B2 


LTPD 15 Accept =1 


Hermeticity, Fine and Gross 


1014 






Subgroup 3 








Thermal Shock 


1011 


T = -55°Cto+125°C, 15 Cycles Minimum 


LTPD 15 Accept = 1 


Temperature Cycling 


1010 


T = -55° C to +1 25° C, 1 00 Cycles 
Minimum 




Moisture Resistance 


1004 


90% Minimum Relative Humidity 




Hermeticity, Fine and Gross 


1014 






Visual Examination 


1004 


Per SEEQ or Customer Specification 




End-Point Electrical Parameters 


1010 


Per SEEQ or Customer Specification 




Subgroup 4 








Mechanical Shock 


2002 


1500(g) 


LTPD 15 Accept = 1 


Vibration, Variable Frequency 


2007 


20 (g> 




Constant Acceleration 


2001 


Yi Orientation 20,000 (g) 




Hermeticity, Fine and Gross 


1014 






Visual Examination 


2009 


Per SEEQ or Customer Specification 




End-Point Electrical Parameters 




Per SEEQ or Customer Specification 




Subgroup 5 








Salt Atmosphere 


1009 


24 Hours 


LTPD 15 Accept = 1 


Hermeticity, Fine and Gross 


1014 






Visual Examination 


1009 


Per SEEQ or Customer Specification 




Subgroup 6 








Internal Wafer Vapor 


1018 


5,000 ppm Maximum Water Content at 


3 Devices, Failures or 






T = +100°C 


5 Devices, 1 Failure 


Subgroup 7 








Adhesion of Lead Finish 


2025 


Bend 90°, Inspect at lOx to 20x 
Magnification 


LTPD 15 Accept = 1 


Subgroup 8 








Lid Torque 


2024 


As Applicable to Glass-Frit Packages 


LTPD 15 Accept = 1 
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AOQL 
Sampling Plan 



The sampling plans in use by SEEQ Technology, Inc. are designed to: 



1 



Reduce the total cost of implementing the system, 
primarily by concentrating on having simple plans 
which are easy to administer and document and then 
reduce the total number of units inspected. 



Provide a single value, regardless of lot size or history 
which may be guaranteed to the customer as the 
average maximum proportion defective shipped. 



Protect the consumer from receiving any lots with 
unusually high proportion defective. 



Significantly improved a and p risk factors compared 
to AQL plans of the same proportion defective value. 



Increased flexibility compared to AQL and LTPD 
plans, particularly at lower allowable proportion defec- 
tive values. 



Lot Acceptance Sampling Plans 
Table of Sample Sizes 



Lot Size 


AOQL 


A/R Number 


0.05 


0.075 


0.10 


0.25 


0.40 


0.65 


1.0 


1.5 


2.5 


0-100 


N/A 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


101-500 


0-1 


100% 


100% 


360 


150 


90 


60 


45 


30 


15 


501-1200 


1-2 


100% 


1125 


810 


330 


210 


135 


90 


60 


45 


1201-00 


2-3 


2175 


1830 


1290 


540 


345 


210 


150 


105 


60 



If sample size equals or exceeds lot or batch size do 100% inspection. 
A = Accept 
R = Reject 
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SEEQ E^ Reliability Report 



Introduction and Product Description 

SEEQ offers a family of E^ROMs (Electrically Eras- 
able Read Only Memories) which range in size from 
16K to 64K bits. They conform to the JEDEC con- 
figurations for byte wide memories. One family has 
internal i^iput latches and the second family has 
internal input latches as well as a timer which per- 
forms an automatic erase before write. New develop- 
ments in process technology, circuit design tech- 
niques, and memory cell design combine to provide 
high performance from these E^ROMs that require 
only a single 5-volt power supply. SEEQ uses an 
innovative Q-cell design on all its E^ROMs designed 
since 1983. The Q-cell, combined with oxynitride in 
the tunnel dielectric, substantially improves the write/ 
erase endurance of E^ROMs. This gives higher relia- 
bility to systems requiring infrequent writes (i.e. once 
a day for ten years) as well as to systems writing 
5-10 times per day. 

Programming the state of the memory cells (via the 
write and erase modes) is accomplished by charging 
and discharging a floating gate device via Fowler- 
Nordheim tunneling. This tunneling occurs through 
a proprietary oxynitride dielectric under the floating 
gate (see figure 1). Oxynitride is thermal oxide which 
is annealed with ammonia. The use of oxynitride, 
provides fast write/erase times (1 msec) at internal 
voltages that are 25% lower than those required for 
conventional oxide-only approaches due to its lower 
barrier height than thermal oxide, . In addition, oxy- 
nitride provides lower charge trapping characteristics 
which gives improved write-erase endurance of each 
cell. The use of oxynitride in the dielectric area and 
SEEQ's proprietary Q-cell design allows endurance 
to be specified up to 1,000,000 cycles/byte. 

Memory Cell Operation 

Figure 1 shows a basic E^ROM memory cell. The 
number of transistors in a E^ROM memory cell will 
vary from 1 to 4, depending on the density. As higher 
densities are designed (e.g. a 256K), the number of 
transistors in a memory cell will decrease to obtain 
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miminum chip area. For example, SEEQ's 64K 
E^ROM is a two transistor cell which is similar to the 
four transistor cell shown in Figure 1. Transistors 
Qiand Q2, and transistors Q3 and Q4 are merged in 
the 64K E^ROM. In addition, separate read and write 
lines are not used. However the fundamental write 
and erase operation of the cell are the same, i.e., 
electrons are tunneled through the oxynitride from 
and to the floating gate by applying a high voltage 
across the sense line (top gate) and the drain. 

The cell shown in Figure 1 is used in one of SEEQ's 
16K E^ROM. To read the cell, current through tran- 
sistor Q1 is sensed to determine whether it is 
"written" (logical 0) or "erased" (logical 1). During 
this mode, the sense line is biased to a 2-volt refer- 
ence level, and a given cell is accessed through the 



CELL OPERATING VOLTAGES 



Mode 


Read 


Erase 


Write 


Row Line 


5V 


20V* 


20V* 


Read Line 


2V 


Floating 


Floating 


Sense Line 


2V 


20V* 


OV 


Write Line 


OV 


OV 


20V* 



'Generated Internally 



FLOATING GATE 

FIRST-LEVEL 

POLYSILICON 



kk 



Figure 1. 52B13 Memory Cell 
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Results 

The results are summarized in Table 1. The predic- 
tions use an assumed activation energy of Ea = 
0.4eV for Ta = 55° C. They show that SEEQ's E^ROMs 
are more than comparable to other MOS memories. 
It should be noted that the 52B33 predicated failure 
rate will not be statistically meaningful until the 
number of stress device hours is increased. 

Read Integrity 

Read integrity is defined as the ability of the E^ROM 
to withstand multiple read cycles without incurring a 
spurious change in data pattern and/or in perfor- 
mance (e.g. access time). A read integrity failure 
would be caused by either unintentional charge gain 
or charge loss at a given cell as a result of the 
voltages applied to the ceil during multiple read 
operations. This undesirable disturbance of a non- 
volatile memory cell is often referred to as "read 
disturb". 

The read integrity characteristics are predicted in 
Figure 2 through a combination of theory and experi- 
ment. First, the threshold behavior of an erased cell 
is measured experimentally and compared with the 
theoretical model for accelerated voltage conditions 
(Vg = 6 V and Vg = 7 V). The theoretical model is 
based on the Fowler-Nordheim equation and physi- 
cal parameters derived from the cell structure. A by- 
product of this comparison is the accuracy demon- 
strated by the theoretical model. Second, the model 
is used to predict the threshold behavior of the cell 
under the normal operating condition of Vg = 2 V. 

To interpret the curves of Figure 2, note that the cell 
threshold must cross the reference sense level of 2 V 
for a read disturb to tal<e place. Reading from the 
figure, the predicted operating life is greater than 10 
years even under the greatly accelerated voltage of 7 
V. Under the normal gate bias of 2 V, the read 
integrity life is on the order of 107 years! 

Static Life and Charge Gain Stress Test 
(CGST) 

SEEQ's products have a special built-in stress mode 
feature which voltage stresses all memory cells 





EXPERIMENTAL MEASURED DATA 








SENSE LEVEL 


- 


..-•• 

....-••■•■ 
_...••• 

ACCELERATED TEST ...••••"' 


- 


Vg = 7 V ^- ...••-• 




j/^ ^.-•■Accelerated test 


" 


y/^ ^<^ Vg = 6 V 


/ 


/^ normal operation^,^^'''''^ 


^ 


/ Vg = 2 V ^^^''"^ 



time (SECONDS) 



106 t ^''' t ^"^ 

1 YEAR 10 YEARS 



Figure 2. Read Disturb Anaiysis — Cell Threshold vs. Time 



simultaneously. The purpose of the stress is to ac- 
celerate "charge gain" failures: for example, those 
bits which would gain charge during multiple read 
cycles. "Static" refers to the D.C. bias of the cell 
periphery and "charge gain" refers to the special 
mode used to bias the memory array at a higher 
than normal voltage. Failure modes for the static 
portion include threshold shifts and leakages. The 
typical failure mechanisms are mobile ion contamina- 
tion or trapped charges. The failure mode for the 
"charge gain" portion is a change in the state of the 
memory cell. The typical failure mechanism is a 
point defect in oxide layers. 

The "static and charge gain" stress mode may be 
used either for screening or determining the long 
term "read disturb" reliability of the product. 

Test Methods 

Units to be stressed were drawn from finished goods 
inventory and written with an "all O's" pattern. This 
eliminates negative charge from all floating gates. 
These devices were then placed in an oven with all 
memory cells biased and the ambient temperature 
held at 125° C. 



Table 2. CGST Life Stress Results* 











Predicted Failure Rate 




Total 


Total Device 




@ 90% 




Devices 


Stress Hours 


Number of 


Confidence @ Ta = 55° C 


Product 


Stressed 


@ Ta = 125° C 


Failures 


(Ea = 0.6 eV) 


52B13 


987 


221704 


2 


0.063%/1000 hours 



*Note: CGST data is in process for the 52B33 and 
2816A/5516A and will be available from SEEQ 
in 4Q85. 
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row line (transistor Q3) and tine read line (see cell 
operating voltage table in Figure 1). For a cell to 
appear erased, Qi should not conduct current (an 
arbitrary clioice of polarity). Therefore, an erased 
cell will have its threshold voltage raised through 
programming (floating gate charged with electrons) 
and a written cell will have its threshold voltage 
lowered (floating gate discharged of electrons) rela- 
tive to the 2-volt reference level. 

To erase the cell, the effective threshold voltage of 
the Qi is brought positive (as seen by top gate) by 
intentionally tunneling electrons onto the floating 
gate through the tunnel region in device Q2. Refer 
again to the cell operating voltage table for the 
conditions used to accomplish this operation. To 
write the cell, the direction of the tunneling current 
is reversed, causing the floating gate to discharge its 
electrons and the effective threshold voltage of Qi to 
drop. 

During the write operation, an internally generated 
voltage of approximately 20 V is applied to both the 
write and the row lines. Transistor Q4 transfers this 
high voltage to node A if the cell has been selected. 
However, in deselected cells, node A is isolated from 
the high voltage by virtue of Q4 being held "off". The 
voltage difference between node A and the sense 
line enables electrons to tunnel away from the float- 
ing gate. 

During the erase operation, an internally generated 
voltage of approximately 20 V is applied to the row 
and the sense lines, while the write line is grounded. 
Transistor Q4 in this case transfers the ground 
potential to node A if the cell has been selected. For 
a deselected cell, node A is isolated from ground by 
Q4. The voltage difference between node A and the 
sense line now enables electrons to tunnel into the 
floating gate. 

Operating Life 

The operating life of an E22ROM is limited by its 
general reliability which includes integrity of the 



peripheral circuitry as well as the memory cells. The 
operating life is characterized using a dynamic high 
temperature life stress. 

Dynamic High Temperature Life Stress 

Dynamic high temperature life stress is a standard 
approach used to evaluate the failure rate distribution 
of a product under accelerated conditions. The 
failure rate is statistically derived from the experi- 
mental results obtained at elevated temperatures, 
then extrapolated back to typical operating junction 
temperature conditions. This extrapolation is accom- 
plished using the Arrhenius relationship and an ap- 
parent activation energy consistent with the failure 
mechanisms observed. This acceleration technique 
works well for common causes of failure such as 
oxide defects, interconnect voids, and defective 
bonding. 

For ease of calculation, the instantaneous failure 
rate is assumed to be constant throughout the life- 
time of the product (i.e. the probability density func- 
tion of the time to failure is assumed to be 
exponential). 



Test Methods 

Units to be stressed were drawn from finished goods 
inventory, and written with a data pattern selected to 
program both logic states of "1" and "0" into loca- 
tions in each row and each column of the array. 
Initial, intermediate, and final electrical testing of the 
units was conducted at room temperature using a 
test program that checks all fundamental parametrics 
and functionality. 



Stress Conditions 

The dynamic high temperature stress was applied in 
accordance with the conditions prescribed in MIL- 
STD-883, Method 1015, Condition D. Oven ambient 
temperature was maintained at 125° C. The sche- 
matics are available upon request. 



Table 1. High Temperature Dynamic Life Stress Results 



Product 


Total 
Devices 
Stressed 


Total Device 
Stress Hours 
@ Ta = 125° C 


Number of 
Failures 


Predicted Failure Rate 

@ 90% 

Confidence @ Ta = 55° C 

(Ea = 0.4 eV) 


52B13 


560 


560,000 





0.036%/1000 hours 


52B33 


143 


143,000 





0.142%/1000 hours 


551 6A/ 
281 6 A 


342 


346,576 





0.059%/1000 hours 
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Results 

The results are summarized in Table 2. The predic- 
tions use an assumed activation energy of Ea = 
0.6eV for Ta = 55° C. The predicted charge gain 
failure rate is less than Vi the intrinsic failure rate of 
NMOS, as would be expected. This implies the field 
usage failure rate would be accurately predicted by 
dynamic life test. 

High Temperature Bake (Unbiased) 
(Data Retention) 

Intrinsic data retention is defined as the ability to 
retain valid data over a prolonged period of time 
under storage conditions (i.e. non-operating). At the 
cell level, data retention is a measure of the floating 
gate's ability to retain charge in the absence of 
applied external gate bias. Data retention failures in 
a floating gate structure are commonly caused by 
dielectric defects and can be accelerated by high 
temperature bake stress. This characteristic provides 
a technique for both screening potentially defective 
product from the production flow as well as pre- 
dicting expected retention lifetimes of outgoing 
product. 

In order to determine the data retention capability of 
SEEQ's products, unbiased devices are subjected to 
high temperature bake at +250° C for a specified 
duration. The failure mode is a change in the state of 
the memory cell, and the typical failure mechanism 
is a dielectric defect resulting in "charge loss." 
Because dielectric defects can be induced by the 
electric fields generated during write/erase cycles, 
data retention and endurance are related topics. The 
effects of cycling on data retention are covered in 
the endurance section. In this section the intrinsic 
data retention characteristics are evaluated and com- 
pared against the minimum data retention goal of 
ten years. 

Test Method 

Units to be stressed are drawn from finished goods 
inventory and erased to an all 1's pattern (e.g. nega- 
tive charge on floating gate.) 



Stress Conditions 

After erasing and initial testing, parts were temper- 
ature stressed at 250° C. Voltage stress is not re- 
quired for this evaluation; therefore all leads are held 
at ground potential. 

Results 

The results are summarized in Table 3. Using an 
activation energy of 0.6 eV, the data retention lifetime 
predicted by the data exceed 100 years at a 55° C 
junction temperature. This period exceeds the in- 
dustry 10 year standard for erasable memories. 

Endurance 

Endurance is defined as the ability of an E^ROM to 
operate to data sheet specifications after repeated 
write/erase cycles to each byte. SEEQ specifies an 
endurance of both 10,000 and 1,000,000 cycles/byte. 
The extraordinary high endurance is accomplished 
using SEEQ's proprietary oxynitride process and its 
innovative Q cell design. Products which are specified 
with 1,000,000 cycle endurance are designated with 
"55" series part numbers. 

Endurance failures are characteristically caused by 
dielectric breakdown occuring in the tunnel dielectric 
itself. This breakdown is associated with charge trap- 
ping that occurs during repeated write/erase cycles, 
and the corresponding build-up of electric field with- 
in the tunnel dielectric. Because this behavior is 
central to the device physics of an E^ROM memory 
cell, endurance will be discussed in two parts: first at 
the cell level, then at the product level. 

Single Cell Characteristics 

During each write/erase operation of a floating-gate 
E^ROM cell, a miniscule amount of charge is trapped 
in the dielectric through which the programming 
charge tunnels[i]. The cumulative effect of this 
charge trapping has a strong impact on the effective 
threshold voltage that the cell exhibits at each 
write/erase cycle. The envelope of the "written" 

Reference: 

[1] Ching S. Jeng et al. \EDM Technology Digest 1982, p. 811 



Table 3. High Temperature Bake Test Results 











Predicted Failure Rate 




Total 


Total Device 




@ 90% 




Devices 


Stress Hours 


Number of 


Confidence @ Ta = 55° C 


Product 


Stressed 


@ Ta = 250° C 


Failures 


(Ea = 0.6 eV) 


52B13 


150 


148192 


4 


0.003%/1000 hours 


281 6 A/ 










2817/ 


37 


6216 





0.0136%/1000 hours 


551 6 A 
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OXIDE 

OXYNITRIDE 




101 102 103 104 105 

NUMBER OF WRITE/ERASE CYCLES 



Figure 3. Endurance Characteristics 

threshold voltage and the "erased" threshold voltage 
plotted over a number of cycles is referred to as the 
cell threshold "window", and is a key figure of merit 
for any E^ROM cell. Referring to the representative 
threshold window shown in Figure 3, the net effect 
of charge trapping results in an initial widening of 
the window (due to positive trapped charge), and 
subsequent narrowing of the window (due to net 
negative trapped charge). Ultimately, negative charge 
trapping sets the upper limit on endurance when the 
window becomes too narrow to be useful. 

As seen from the endurance plot of Figure 3, the 
threshold window achieved using the SEEQ oxy- 
nitride dielectric represents an improvement over the 
traditional silicon dioxide case by at least a factor of 
ten. The oxynitride window demonstrates very little 
closing at 106 cycles, and provides a very useable 
window at 10^ cycles. 

The improved performance of oxynitride over oxide 
is directly related to the superior trapping character- 
istics of the oxynitride film, as shown in Figures 4 
and 5. In Figure 4, the positive charge trapping 
characteristics of oxynitride and oxide are compared 
as a function of field strength (the principal inde- 
pendent variable). The positive charge trap density is 
consistently lower for oxynitride by approximately a 
factor of four. In Figure 5, the negative charge trap- 
ping characteristics of oxynitride and oxide are 
compared as a function of total injected charge (the 
principal independent variable in this case). Note the 
benefit of oxynitride in this case continues to in- 
crease with increasing charge, thus verifying the 
endurance improvement first observed in Figure 3. 

Product Endurance: 

Test Methods 

Units were pulled from finished goods inventory and 
stressed by performing repeated write/erase cycles 
on every byte in the memory. Data retention, read/ 



write functionality, AC performance, and parametrics 
were periodically tested against data sheet specs. 
Failures (typically caused by the selective failure of 
random bits) were analyzed and compiled for failure 
rate calculations. 

Results 

A summary of the results is shown in Table 4. It 
shows that all of SEEQ's E^ROMs meet or exceed 
the intrinsic MOS failure rate of 0.05%/1000 hours if 
you write once per day. It should also be noted that 
the Q-cell E^ROMs have higher endurance than the 
non-Q cell 52B13. All of SEEQ's E^ROMs are Q-cell 
except for the 52B13. For applications where writing 
occurs more frequent or where a failure rate of less 
than .05%/1000 hours is required, then a 1,000,000 
cycle part such as the 16K autoerase 5516A should 
be considered. 




OXIDE 
OXYNITRIDE 



STRESS FIELD (MV/CM) 



Figure 4. Comparison of Positive Charge Trapping at 
Tunneiing-Dielectric/Si interface 



— — OXIDE 
OXYNITRIDE 




AMOUNT OF INJECTED CHARGES (C/CM2) 



Figure 5. Comparison of Negative Charge Trapping 
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Table 4. Write/Erase Endurance Test Results 



Product 


Total 
Devices 
Stressed 


Total Device 
Stress Hours 
@ Ta = 250° C 


Number of 
Failures 


Predicted Failure Rate 

@ 90% 

Confidence @ Ta = 55° C 

(Ea = 0.125 eV) 


Equivalent Failure 

Rate Writing 

Once Per Day 


52B13 


2797 


26,798,000 


58 


0.4%/1000 cycles 


0.017%/1000 HRS 


2816A/ 
2817/ 


609 


508,030,000 


7 


0.036%/1000 cycles 


0.002%/1000 HRS 


551 6A 


1154 


1,781,905,000 


16 


0.002%/1000 cycles 


0.00008%/1000 HRS 


52B33 


527 


52,700,000 


6 


0.031 %/1000 cycles 


0.0013%/1000 HRS 



Accelerated stress data is updated quarterly and is available from SEEQ Technology. Contact: Literature Dept. M/S 3, 1849 Fortune Dr., 
San Jose, CA 95131. 



Refer questions to: 
David Sweetman 
Director of QA 
(408) 262-5041 
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Microprocessor Interfacing 
with SEEQ's Latclied E^ROM 



Introduction 

This application note describes tiie interfacing of 
SEEQ's "latclied" Electrically Erasable Read Only Mem- 
ory (E2R0M or E2) to a microprocessor bus. The 
latched E2R0M family is comprised of a 16K 52B13 
and 64K 52B33. On each of these devices there are 
internal latches on all inputs except write enable. A 
byte must first be erased before it can be written. In 
addition to the latched E2ROM family, SEEQ has a 
timer E2ROM family. This family is comprised of a 
16K 2816A (24 pins), a 16K 2817A (ready/busy) and a 
64K 2864 (ready/busy). The timer family has internal 
latches on all inputs and has an internal timer which 
automatically performs a byte erase before write. In 
this application note, the E2 used is SEEQ's 52B13, a 
2K X 8 memory. Since the timing of the higher- 
density members of the family is compatible, the 
circuits given can be extended to interface equally 
well with the 52B33 (8K x 8). Both bus timing and 
software timing are used to gate the control signals. 
The case presented here uses general control signals 
to permit adaptation to any system's bus structure. In 
addition, modifications are given for interfacing to 
specific processors. 

Interface Signals 

The_solution presented here (see Figure 1) uses an 
S-R flip-flop (74LS00) with TTL gates (74LS32) to 
latch WE for the 52B13. This flip-flop causes valid 
data to be latched correctly, satisfies device setup 
and hold times, and allows easy latch/unlatch of the 
WE signal. 

The system-dependent direct bus interface compo- 
nents form the second part of the interface circuit. 
These component s will generate CHIP SELECT and 
E2ROM SELECT to enable this part of memory. 



CHIP SELECT is usually generated separately for 
each word-wide group of devices. In this way, it 
chooses the actual devices to be written. E^ RQM 
SELECT would be an "OR" function of the CHIP 
SELECT signals for jJI_the devices for which this 
latch gates WE. With WE wired in common, only one 
gated latch is required for the E2R0M array. Of 
course, fanout must be considered, with a high- 
current driver used if necessary, in the example bus 
interfaces shown in this app lication note, gati ng for 
one device is assumed, a nd E2R0M SELECT is tied 
directly to CHIP SELECT. 

The bus interface components perform other tasks 
common to a memory/bus interface. For a multi- 
plexed data bus, the bus interface components must 
demultiplex the data and addresses. In addition, this 
bus interface circuitry may generate MEMORY READ 
and MEMORY WRITE, if required. Details of this bus 
interface are given in the section "Considerations for 
Special Applications," beginning on page 5. 

Details of Operation 

Byte Write or Erase 

The timing diagram in Figure 2 shows the details of a 
byte write or erase operation for SEEQ's latched 
E2R0M family. The two modes are the same, except 
that hex "FF" is presented to the I/O lines for erasure. 
Due to this similarity, only the write mode will be 
discussed. 

The first step is initiation of a write cycle. First, the 
processor issues add resses, and the system's decod- 
ing circuitry brings CHIP SELECT valid. Although 
the chip is enabled at this po int, a write to the chip 
has not yet begun, because MEMORY WRITE has 
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Figure 1. E^ROM Interface Circuit 
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Figure 2. Write-Cycle Timing Diagram Latched BROM Interface Application 
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not yet been issued. This prevents inadvertently writ- 
ing to an incorrect address as the address lines are 
allowed to settle out before a write is initiated. Fol- 
lowing the timing events above, the active leve l of 
MEMORY WRITE sets the flip-flop, brjnging WE low 
to the £2. Data, Addresses, CE, and OE are latched 
at this point. 

In the second part of a write, WE continues to be 
active low for the entire write cycle. This requires a 
timeout, which can be effected in any of several 
ways. The designer can use a timing loop in soft- 
ware, or trigger a timer which interrupts the 
processor after the correct time. The software 
timeout may require less hardware on-board. The 
hardware timeout, on the other hand, allows the 
CPU to perform other tasks. Obviously, a good 
compromise is a software architecture with regular 
(perhaps one-millisecond) timing interrupts, for sys- 
tem real-time synchronization. Division of the task 
between hardware and software is best left to the 
individual systems engineer. 



Regardless of the method used in the timeout, the 
write pulse is terminated by WE being brought high. 
This is effected by a read to any location in the 
device, which resets the flip-flop to bring WE high. 
A second read cycle is required for byte verify. 
System designers should allow extra time between 
the two reads to meet write recovery time (twR) 
requirement. This method of write-cycle termination 
provides another form of protection against inadver- 
tent writing to the chip. Even if a statistically unlikely 
succession of glitches were to trigger both flip-flops, 
enable the gates, and bring WE low, a subsequent 
read to the device could terminate the write before 
data would be written. 

For the case of a fully software-timed write, a flow- 
chart is given for the sequence of operations (see 
Figure 3). This processor-independent flowchart 
handles all the erasure and writing for storing data in 
the E2R0M, using the circuit from Figure 1. In addi- 
tion, a segment of example code (written for the Z8) 
is shown (see Figure 4). 




WRITE "FF" 
TO E2R0M 



( DELAY LOOP j 



( \ 

( RETURN j 



*Data is not valid during this cycle. 



( DELAY LOOP j 



NO 






( DELAY LOOP j 






READ 
E2R0M 














WRITE DATA 
TO E2R0M 









ERASES E2R0M; 
WE GOES LOW 



TIME OUT WRITE CYCLE 



TURN OFF ERASE; 
FORCES WE TO 
HIGH STATE 



LOAD COUNTER 

WITH PULSE 

WIDTH. 1 ms FOR 

52BXXH; 10 nw 

FOR 52BXX 



LATCH ADDRESS 

AND DATA INTO 

E2R0M; 

WE GOES LOW 



TIME OUT WRITE CYCLE 




{ RETURN \ 



RETURN TO CALLING PROGRAM 



Figure 3. Flowchart for 52BXX Erase/Write — Software Timing 
^w wNV Technology, Incorporated 
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P 0070 AF 



P 0073 D6 
P 0076 00 
P 0078 6D 
P 007B 8B 
P 007D AF 



0080 FF 

0081 00 
0083 6D 
0086 8B 



P 0088 AF 



90 

0071 

80 



P 0071 EC OA 



007E 
EE 
007D 
F6 



P 007E FC 6A 



EF 
0088 

Fa 



186 
187 
166 
189 
190 
191 
192 
193 
194 
19S 
196 
197 
196 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 



// Wait for Twp 
// Turn off WE 



// -- 

// Th« following is a general routine for writiny 

// data contained in the working register 

// DataReg to an EERON in 

// the location pointed to by the working register 

// pair AdReg. This EEPRON is assumed to be in the 

// external data memory of Z6« 

// Write FF to erase byte. 

EEWRi LD OutReg, «%FF 

LDE SAdReg, OutReg 

CALL WaitWP 

LDE NowReg, SAdReg 
// NoW) write the data to the part. 

LDE SAdRegi DataReg 

CALL WaitWP // Wait for Twp 

LDE NowReg, SAdReg // turn off WE 

FinWr: RET //return from routine 

// End of EEPROM Write Routine 

// - 

// Timing routines 

WaitWP: LD RLoop2t »Twp // « of ms to wait 

// 10-> wait 10 mB. 

// 1 -> Wait I mS. 



WPLoopj CALL 
DEC 
JP 
JR 

DunWPi RET 



Wai 1 1ms 
RLoop2 
Z, DunWP 
WPLoop 



// Done with Twp. 



// Basic 1 msec timing routine- 

// adjust for microprocessor crystal freq. 

// The value of Hex58 (DecSS) works with 

// a Z8 with a 6.144 MHz xtal. 

// Use *6A for 7.3728 MHz xtal. Elimination 

// of NOP, or xtal substitution, will 

// require recal ibrat ion. 

Waitlffls: LD RLoop3, «%6A 



Timlpj NOP 
DEC 
JP 
JR 

Dunlms: RET 



RLoopS 
Z, Dunlms 
Timlp 



// Done with wait 



//End of EEPROM Timing Routines 
// 



Figure 4. Sample Z8 Code for 52BXX Write 
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Read Operation 

The timing for a read (see Figure 5) is simpler than 
for a write. In the read mode, the on-chip latch es are 
transpar ent. The leading (falling) edge of CHIP 
SELECT brings CE low, and the falling edge of 
MEMORY READ brings OE low. Data is available 
from the 52BXX ^ROM after a delay of Tqe (from 
OE) or TcE (from CE). Table 1 shows the Tacc required 
for operation with sample microprocessors, using no 
wait states. Memory devices currently available from 
SEEQ feature Tqe as fast as 200 nanoseconds. For 
certain new microprocessors (for example, the 68000 
or 8085A-1) which may require faster access, SEEQ 
is currently developing memories with access times 
of 150 nanoseconds or less. 



Table 1. Zero-Wait State Required lUlinimum Tacc 
(Assuming zero delay for buffers and drivers) 



To ter minate the read, the rising edge of MEMORY 
READ b rings OE high. CE, however, is dependent 
only on CHIP SELECT, and remains active low for 
the entire microprocessor cycle. 



Considerations for Special Applications 

Use with Z8, Z8000 Systems 

The implementation of the circuit shown in Figure 1 
in a Z-Bus application allows simple generation of 





Clocl( Freq. 


Required Tacc 


IVIicroprocessor 


(IVIHz) 


(nanoseconds) 


72720 


10 


350 


8085A/8085AH 


3 


460 


8085A-2/8085AH-2 


5 


270 


8085A-1/8085AH-1 


6 


175 


8086/8088 


5 


402 


8086-2/8088-2 


8 


267 


8086-1 


10 


227 


Z8 


8 


310 


Z80 


2 


575 


Z80A 


2.5 


325 


Z80B 


6 


190 


6800 


1 


605 



the control sig nals. First, the con trol signals 
MEMORY READ and MEMORY WRITE can be gen- 
erated by one half of a 74LS139 decoder, as in 
Figure 6. In addition, for the Z8, the lower byte of 
addresses must be latched, due to the multiplexing 
of address amd data. This can be easily accom- 



ADDRESSES DON'T CARE 



X 



X 



DON'T CARE 



E2R0M SELECT 



^sr-^ 



y. ""°°"' x 



/////////// 



CHIP SELECT = CE 



MEMORY READ = OE 



TIM 



^^^ 



\ 



///////////// 



Figure 5. Read-Cycle Timing Diagram 
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Figure 6. Interfacing to a Z8 

plished with an 8212 octal latch, as in Figure 6. 
Interfacing to a Z8000 (or 16-bit Z-Bus) requires an 
additional 8212 latch, to demultiplex ADs-ADis. AS, 
the Z-Bus address strobe, is active low, and must be 
connected to the active low input in order to clocl< 
these latches. 

Use with Z80 Systems 

The circuit shown in Figure 7 provides a bus inter- 
face to a Z80, Z80 A, or Z80B processor. In Figure 7, 
MEIVIORY READ and IVI EMORY WRITE are gen- 
erated from combining MREQ with the Z80 RD 
and WR, respectively. Since address and data are 
issued by the Z80 processor on separate lines, the 
8212 latch is not needed. 

Use witli 8085 Systems 

The implementation of the E2R0M interface circuit 
in an 8085 system is extremely simple. Figure 8 
shows the bus interfacing necessary. MEMORY 
READ and MEMORY WRITE are issued by the pro- 
cessor directly. However, MEMORY WRITE must be 
delayed, as shown in Figu re 8, to ensure latching of 
valid data. CHIP SELECT is generated from the top 



5 address bits and iO/M, using a 74LS154 decoder. 
The RE SET to the 8085 processor also supplies 
RESET for the E2R0M interface. Finally, the demul- 
tiplexing of address and data lines is accomplished 
by a 74LS373 latch triggered by ALE. Alternatively, 
an 8212 latch can be used but requires more board 
space. 

Interfacing to 8088/8086 (IVIInimum IVIode) Systems 

The above considerations for implementation of this 
solution in an 8085 system also apply to an 8088/ 
8086 system operation in minimum mode, with two 
additions. As above, the processor issues ALE, RD, 
WR, and multiplexed address/data. However, an 
invert er is required in order to produce IO/M from 
M/IO. In addition (for an 8086), another octal latch 
must be added, in order to demultiplex ADs-ADis. 

The time delay indicated in Figure 8 depends on the 
type of processor used and its clock frequency. For 
a 5 MHz 8088/8086, this time delay should be 100 
nanoseconds; for an 8088-2/8086-2 at 8 MHz, it 
should be 60 nanoseconds. For a 10 MHz 8086-1, the 
time delay should be 50 nanoseconds. 
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Figure 7. Bus Interface — Z80 



SYSTEM RESET 
» 



WR 

CLK 



lO/M 
A11-A15 



AD7 
ADe 
ADs 
AD4 
AD3 
AD2 
ADi 
ADo 



:> 



74LS74 



1 



D P Q 






_-13D-^ 



PD-" 



r> 



18 17 14 13 8 



::> 



OE CC 
(FOR S2B33) 



Figure 8. Bus Interface Circuitry — 8085 System 
w""\V Technology, Incorporated 



5-15 



Interfacing with 72720 Systems 

The 52BXX E2R0M can be interfaced to SEEQ's new 
72720 microcomputer (witli 2K x 8 on-board E2R0M) 
more easily than to any other processor. The 72720 
PRG instruction operates off-board, to program an 
external E^ROM. This instruction initiates latching 
and timing of WE, as well as presentation of valid 
data. These tasks are handled automatically within 
the 72720. As a result, the write enable latch circuit 
of Figure 1 is not required. Total 52BXX interface 
hardware, shown in Figure 9, is very simple, even 
including a 74LS373 latch to demultiplex the lower 
eight bits of address. The software required for pro- 
gramming is shown in Figure 10. This example 
subroutine erases and writes one byte. 

Interfacing with the 6800 

One example of a complete interface between a 
6800 processor and a 52BXX is shown in Figure 11. 
The DBE signal from the 6800 is delayed for a time 
between 250 and 350 nanoseconds, in order to pro- 
vide a strobe for valid data. This data strobe clocks 



R/W into the flip-flop at the correct time, so that the 
falling edge of WE can satisfy timing requirements 
with respect to valid address, data, and control 
signals. 

Conclusion 

This application note has been prepared to assist the 
designer in implementing the technology of latched 
E2ROMs in systems requiring adaptability. The de- 
signer is encouraged to create new designs based 
on these ideas. E2R0M technology, while still in its 
infancy, holds the promise of being the memory 
breakthrough for the eighties. With a reliably non- 
volatile approach to alterable program memory, 
systems for control of avionics, manufacturing, and 
data acquisition can be enhanced in usefulness. 
With the timing to use the advanced technology of 
E2R0MS, the system designer can incorporate more 
features now, while allowing still more flexibility for 
the future. 

Z-Bus, Z8, Z8000, Z80A, Z80, and Z80B are trademarks of Zilog. 
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REV 1 , 3 

«♦»#«#♦###♦#«###♦•»♦♦#♦#♦####♦»»«#♦#*♦«♦•»♦##*#*##♦##♦#♦# 

♦ # 

♦ EEROM AUTO ERASE BEFORE WRITE ROUTINE » 

♦ » 

♦ DATA TO BE PROGRAMMED IN REGISTER 102 » 

♦ LOCATION TO BE PROGRAMMED IN REGISTERS 100/101 * 

♦ » 



EEDAT EQU R102 
EEADR EQU RlOl 
EEWR PUSH A 

MOV %>FF, A 



PROG 



CMPP 


#EEADR 


JEQ 


PROG 


PRG 


♦EEADR 


MOV 


EEDAT, A 


PRG 


♦EEADR 


POP 


A 


RETS 


END 





DATA TO BE PROGRAMMED 

POINTER TO LOCATION 

SAVE ACCUMULATOR 

IS LOCATION ALREADY ERASED? 



IF NOT PROGRAM WITH FF HEX 
IF ERASED PROGRAM DATA 



RESTORE ACCUMULATOR 
RETURN 



Figure 10. 72720 Code for Programming 52B13/33 
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Manchester Encoding 

and Decoding for 
Local Area Networlcs 



Introduction 

Ethernet alias IEEE 802.3 CSMA/CD 

Ethernet is the first industry-standard protocol for 
local area networks supported internationally by 
computer manufacturers in the U.S. and Europe. 

The first Ethernet local area network was implemented 
in Palo Alto, California in 1975 as a joint effort of 
Stanford University and Xerox Corporation. Since 
then, Ethernet has been expanding in use and accum- 
ulating history. Over the years, it has proven to be both 
reliable and efficient in a wide variety of local area 
network applications. 

In 1980 the Institute of Electrical and Electronics 
Engineers (IEEE) sponsored a committee to review, 
document and publish this protocol as an interna- 
tional industry-standard. This committee has been 
populated by representatives from both U.S. and 
European computer manufacturers. After three years 
of reviewing and polishing the specification, their work 
is about to be published by IEEE Press under the name 
"IEEE 802.3 CSMA/CD Local Area Network Standard 
Protocol ." It is the result of a collaborative effort of the 
IEEE, the European Computer Manufacturers Associ- 
ation, the American National Standards Institute and 
dozens of computer industry representatives who 
have donated their time and expertise to this 
undertaking. 

Ethernet alias IEEE 802.3 CSMA/CD uses broadcast 
network topology. That is to say, a signal transmit- 
ted by any station reaches all other nodes on the 
network. This is in contrast to other topology types, 
such as "star" and "ring", which use uni-directional 
point-to-point interconnects. Transmitted messages 
in Ethernet are "broadcast" on a 50n trunk coaxial 
cable segment. Communication nodes are attached 
to this cable via passive taps, so that new nodes can 
be added at any time without interrupting the net- 
work service. Stations on the network can be 



addressed individually, in "multicast" groups or by 
the "broadcast mode" to all nodes simultaneously. 
The broadcast topology is effective for nearly all 
network applications, yet it is simple and inexpen- 
sive to implement. 

The medium access method is CSMA/CD, Carrier 
Sense, Multiple-Access with Collision Detection. 
Figures 1 and 2 illustrate the transmit and receive 
state diagrams for this access method. The Carrier 
Sense function is used to detect activity on the 
medium. This information is used both for enabling 
the receiver and for avoiding multiple simultaneous 
transmissions (collisions) with other transmitters. 
When a node has a message to be transmitted, it 
begins to transmit as soon as the medium has been 
idle for a minimum of 9.6 ns, the minimum for inter- 
frame gap. If a collision occurs, the stations 
transmitting will defer pseudo-random time intervals, 
then reattempt the transmission. The CSMA/CD 
network is normally a "peer" network (non- 
hierarchical) with every node having equal access to 
the medium. 

Figure 3 shows a typical CSMA/CD node configura- 
tion. In the station equipment or "Data Terminal 
Equipment" (DTE), the System Interface connects the 
host system bus to the network. This interface varies 
depending on the processor used and the system 
requirements of the DTE. It could be a direct-memory 
access (DMA) type, with or without dedicated buffer 
memory, or a FIFO-based interface. 

Data Link functions are performed by SEEQ's 8003 
Ethernet Data Link Controller (EDLC"") chip. This 
device performs medium access control, data encap- 
sulation, data decapsulation and error detection 
functions. 
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Figure 1. Ethernet/IEEE 802.3 CSMA/CD Transmitter State Diagram 
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Figure 3. Ethernet Node Configuration 



The Physical Layer functions, carrier sense, collision 
signal detection and data encoding and decoding are 
performed by SEEQ's 8023A Manchester Code Con- 
verter (MCC™) chip. Manchester Code, illustrated in 
Figure 5, is the bit-encoding format used for the trans- 
mitted signal on both the Access Unit Interface (AUI) 
cable and the Trunk Coax cable. 

The AUI cable is optional. The Transceiver or Media 
Access Unit (MAU) can plug directly into the Data 
Terminal Equipment (DTE) connector without cabling 
if desired. The Access Unit Interface consists of 78n 
balanced, shielded twisted-pairconnections, biased at 
the DTE end and transformer-coupled at the Trans- 
ceiver end. 

Besides the passive tap to the Trunk Coax, the Trans- 
ceiver provides signal amplification, preconditioning 
on the receive side, impedance matching, DC isola- 
tion, collision detection and collision signaling 
generation. 



PREAMBLE 


Ad 


As 


C 


INFORMATION 


FCS 




Figure 4. Ethernet/IEEE 802.3 CSIVIA/CD Frame Format 

Figure 4 shows the IEEE 802.3 CSMA/CD Frame 
Format. The frame is divided into six fields. The first is 
the Preamble, 8 bytes in length. Alternating 1s and Os 
comprising this field serve to synchronize Manchester 
decoders for receiving. The next two fields are the 
Destination and Source Address fields, each 6 bytes in 
length. Next is a byte-count field which contains a 
value equal to the number of data bytes in the subse- 
quent Information field. The Information field is 46 to 
1500 bytes in length. The final field is the Frame 
Check Sequence. It contains a 32-bit CRC calcu- 
lation performed on the preceding four (4) fields. 
(The CRC calculation excludes the Preamble field.) 
Total frame length is 72 to 1526 bytes. 

In summary, the IEEE 802.3 CSMA/CD protocol 
standard specifies the Data Link and Physical layers of 
the protocol which include the following: 

Data Link Layer 

• Link access method (CSMA/CD) 

• Collision-handling method 

• CRC error detection method 

• Node addressing methods 

• Frame format 

Physical Layer 

• Medium characteristics 

• Signaling characteristics 

• Data Rate 10 MBPS 

• Carrier Sense Function 

• Collision detection and signaling 

• Code for transmitted signal (Manchester Code), 



SEEQ's Ethernet Chip Family: 8003 EDLC" Ethernet Data 
Linl( Controllers, 8023A MCC" Manchester Code Con- 
verter. 
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Figure 5. Manchester Code Example 

Manchester Code 

Manchester Code is the physical signaling code used 
in the IEEE 802.3 CSMA/CD protocol. 

In Manchester Code, clock and data are combined 
such that each bit is encoded by a transition fronn 
low-to-high or high-to-low. This assures that there is 
adequate timing information present in the serial data 
stream at all times to keep the receiver in synchroniza- 
tion with the data pattern. The bit-center transitions 
serve a double purpose. They not only encode the bit 
being transmitted by the polarity of the transition, but 
they also serve to mark precisely where the bit center 
is located in time. 

Figure 5 shows an example of Manchester-encoded 
data. Each serial bit to be transmitted is coded as a 
high-to-low or low-to-high voltage transition. A HIGH 
or "mark" bit is coded as a low-to-high transition and a 
LOW or "space" as a high-to-low. These transitions 
are shown to occur at the bit-center position in Figure 
5. If adjacent data bits alternate between 1 and 0, only 
the bit-center transitions occur, as is the case during 
the Preamble. Where two Is or two Os occur in 



sequence, an intervening bit-boundary transition is 
inserted to correct the polarity of the line for the next 
bit. 

The bit-center transitions provide all the necessary 
information about both data and clock needed by the 
receiver to decode the data stream. Bit-boundary tran- 
sitions are used to restore the correct polarity between 
two bit cells which are either both Os or both Is. These 
transitions also contain information about both clock 
and data, but since it is redundant with the information 
provided by the bit-center transitions, its use in the 
receiver is optional. In some decoder implementa- 
tions, it is an integral part of the decoding algorithm, 
and in others it is not used at all. Table 1 gives a 
summary of the interpretation of each element of the 
code. 

Table 1. Elements of Manchester Code 





Bit-Center 
Transition 


Bit-Boundary 
Transition 


Data 


High-to-Low = 
Low-to-High = 1 


Low-to-High = 0,0 

High-to-Low = 1,1 

No Transition = 
0,1 or 1,0 


Clock 


Transition occurs 
at Bit-Center Time 


Transition occurs 
at 50% Time between 
Two Bit-Centers 



Manchester Code Converter Functional 
Description 

Manchester Encoder 

Figure 6 shows a typical circuit for implementing the 
encoder function. A 20 MHz crystal clock provides 
the precise, stable time base required for the trans- 
mitted signal. This clock must be within 0.01% of its 
nominal value to conform to the IEEE 802.3 
CSMA/CD specification. The clock output drives two 
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Figure 6. Basic Manchester Encoder 
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Figure 7. Timing Diagram for Encoder in Figure 6 



D-type flip-flops. The flip-flop on the left divides the 
frequency by 2 and provides true and complement 
clock outputs at 1 MHz (TxC and TxC). TxC is used by 
the 8003 EDLC™ chip to shift out the bits of the frame, 
one at a time, to the Encoder over the TxD line. The 
flip-flop on the right samples the TxD data line once 
every 100 ns when the TxC line is high and its clock 
input goes high. At this time, the complement of the 
data is loaded into this flip-flop and driven out on the 
Tx+/ — pair. Fifty nanoseconds later, the flip-flop is 
clocked again. This time TxC is low and Q is fed back, 
inverted to the D input, thus the flip-flop always tog- 
gles, encoding the bit-center transition. Fifty 
nanoseconds later the next bit is inverted and loaded 
into the encoding flip-flop and the process continues. 

The output driver is enabled and disabled by the logi- 
cal AND of TxEN and LPBK. Thus, TxEN will enable 
the output driver except during loopback operation 
when the driver is unconditionally disabled. This driver 
can interface directly to the 78n twisted pair in the 
Access Unit Interface (AUI) cable. 

An example of encoder operation timing is given in 
Figure 7. 

Collision Signal Detector 

The Collision Signal isa 10 MHzcarrier transmitted by 
the Transceiver over the Control In pair of the AUI 
cable. It is transmitted under two distinct circum- 
stances as follows: 1. A collision or other signal-quality 
error occurs on the trunk coax medium, or 2. Imme- 
diately following a successful transmission from the 
associated DTE, a brief burst of Collision Signal is 
given to test the signaling mechanism. The DTE 
detects this signaling and takes appropriate action. 
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Carrier Sense Function 

The medium is continuously monitored for activity by 
every node. The medium is considered idle if and only 
if there are no transitions occuring. Detecting the 
presence or absence of transitions is done in the DTE 
Physical Layer circuitry. This information is used to 
enable the receiver circuits and to prevent collisions 
with other transmitting nodes. 

■Manchester Decoder 

A basic delay-type Manchester decoder is shown in 
Figure 8. At the input, a 2-input multiplexer selects the 
signal source, either the receiver input or, for loop- 
back, the transmitter output. The LPBK line controls 
this selection. Refer also to the timing example in 
Figure 9 for the operating description to follow. 

Synchronization during Preamble 

Since the Preamble consists of alternating Is and Os, 
there are no bit-boundary transitions during syn- 
chronization. All transitions in the Preamble are 
bit-center transitions. This fact is key to decoders 
becoming properly synchronized, which would other- 
wise be more difficult. 

Just prior to the Preamble of a new frame, the decod- 
er's input will be idle. In general, its decoding flip-flop 
will be in an arbitrary state. The first transition of the 
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Figure 8. Basic Deiay-Type Manchester Encoder 
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frame is a low-to-high transition encoding the first bit 
of the Preamble (= 1 ). Seventy-five nanoseconds after 
this first bit-center transition occurs, the change prop- 
agates through the exclusive-OR gate and comple- 
ments the clock. Since the flip-flop was in an arbitrary 
state, the first bit-center transition may or may not 
clock the flip-flop (only a positive-going transition is 
active). If Q = 1 , the clock will go low and the flop-flop 
will not change states. If Q = 0, the clock will go high, 
transferring the level on the D input to the flip-flop. 
This happens 25 ns before the next bit-center transi- 
tion, which is the normal Rx sampling time for this 
decoder (25 ns before bit-center). At that time, Rx will 
be the complement of the data for the current bit. The 
second bit of the Preamble is a 0, so in the latter case 
where initially Q = 0, it will change to 1 . Therefore, 75 
ns after the first bit-center transition, the flip-flop 
acquires the right state for the second bit of the frame. 
Q now equals = RxD. This type of decoder acquires 
RxD synchronization after only one bit time. 

Decoding in Operation 

Refer to Figures 8 and 9 for this explanation. During 
frame reception, the decoding flip-flop is clocked 
75 ns after each bit-center transition by the bit- 
center transition itself, propagating through the 
75 ns delay line. Seventy-five nanoseconds after the 
last bit center is 25 nanoseconds before the next. At 
that time, the Rx line is sampled, transferring the 
current bit to the Q output of the flip-flop. Fifty 
nanoseconds later, the clock line is complemented, 
making the exclusive-OR output low, by one of two 



mutually exclusive events: 1. Either Q changed after 
the Rx sample because the previous bit and the cur- 
rent bit are opposites, or 2. There was a 
bit-boundary transition between the previous bit and 
the current bit because they are like bits. In the first 
case, the change in Q propagates through the 50 ns 
delay and then complements the clock. In the 
second case, the bit-boundary transition propagates 
through the 75 ns delay and complements the clock. 
In either case, the exclusive-OR output goes low 25 
ns after the bit center time. The clock is then ready 
for the next Rx sample, 50 ns later. 

8023A MCC" Manchester Code Converter 
CMOS IC 

The 8023A MCC™ provides all the station-resident 
functions required for the Physical Layer of the Ethernet 
protocol. It provides coding and decoding of the 
transmitted signal, carrier sense, collision signaling 
detection, loopback and crystal clock for transmit 
timing. 

Figure 10 is a block diagram of the 8023A. On the 
left-hand side of the drawing ar e the 7 signal lines 
which connect to the 8003, plus LPBK /WDTD, the 
loop-back/watch dog timer control signal. On the 
right are the three 78Q twisted pair connections for 
the Access Unit Interface, Transmit, Receive and 
Collision. 

The 8023A chip provides all active circuits required 
for the Physical Layer functions of Ethernet. Only 10 
passive components are needed to apply the 8023A 
as shown in Figure 11. 
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Figure 10. 8023A MCC" Manchester Code Converter Block Diagram 



8023A Manchester Code Converter Features: 

• Compatible with IEEE 802.3 CSMA/CD 
Specification (Ethernet) 

• Compatible with SEEQ 8003 EDLC™ and 
Intel 82586 

• Low-power CMOS Technology 

• 10 MBPS Data Rate 

• 20 MHz crystal oscillator on chip 

• Phase-locked Loop decoder for optimum 
jitter tolerance 

• Collision signaling detector on chip 

• Loopback capability for diagnostics 

• Drives 780 transmit twisted pair directly 

• No additional active components required 

• Performs all DTE-resident Physical Layer 
protocol functions 

• Single +5 V supply 

• 0.3 in. 20-pin package 




Figure 11. 8023A Application 
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Interfacing the 8003 EDLC 
to a 16-Bit Bus 



Introduction 

The SEEQ 8003 Ethernet Data Link Controller (EDLC"") 
chip together with the SEEQ 8023A Manchester Code 
Converter (MCC™) chip provide an economical two- 
chip solution for the Data Link Layer and Physical 
Layer of the Ethernet protocol. These chips are fully 
Ethernet compatible and suitable for use in terminals, 
personal computers, workstations, printers, disk drives 
and host computers. 

The 8003 is a VLSI data link controller chip in a 40- 
pin package. It replaces approximately 60 MSI and 
SSI components in a typical Ethernet node configura- 
tion. The choice of which one to use is governed by 
the system interface requirements for the design. The 
8003 provides protocol functions like frame format- 
ting, link access control and error control. The part is 
optimized for Direct Memory Access techniques for 
frame storage. 

The 8023A MCC™ Manchester Code Converter per- 
forms the signal encoding and decoding in Manchester 
Code at 10 million bits per second. It also monitors 
the channel for "carrier" and "collisions" (two nodes 
transmit simultaneously). Low-power CMOS technol- 
ogy is used in the 8023A, which is in the 0.3 inch 
20-pin package. 

Ethernet Node Configuration 

A typical Ethernet node is shown in Figure 1. The 
System Interface on the left connects the host sys- 
tem bus to the network. This interface varies 
depending on processor and system requirements. 

The station-resident hardware, consisting of the Sys- 
tem Interface, the 8003 EDLC™ chip and the 8023A 



MCC™ chip, is connected to the Transceiver by the 
Access Unit Interface (AUi) cable. This cable consists 
of 78n balanced, shielded twisted-pair connections, 
DC biased at the station end and transformer-coupled 
at the Transceiver end. 

Besides a passive tap to the Trunk Coax, the trans- 
ceiver provides signal amplification, preconditioning 
on the receive path, impedance matching, DC isola- 
tion, collision detection and collision signaling 
generation. DC power for the Transceiver circuits is 
provided through the cable. 

Host-Dependent System Interface 

There are three basic methods for interfacing the 
CSMA/CD channel to the system bus. The first one 
employs First-in, First-Out (FIFO) buffer memory to 
temporarily hold the transmit and receive frames. On 
the system-bus side of the FIFOs, data is transferred 
serially a byte at a time by the processor. The second 
method uses Direct Memory Access to transfer data 
directly between the Ethernet Data Link Controller 
and the system memory. In the third method. Direct 
Memory Access is also used, this time with a tempo- 
rary buffer memory intervening between the system 
memory and the EDLC™ chip. The intervening buffer 
relieves the system bus of some of the traffic and 
timing requirements associated with the channel. 
(For more information on DMA-type interfaces, see 
SEEQ's Application Brief 6). 
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Figure 1. Ethernet Node Configuration 



IEEE 802.3 CSMA/CD Standard Protocol for 
Local Area Networks (Alias Ethernet) 

The first Ethernet local area network was 
implemented in Palo Alto, California in 1975 as 
a joint effort of Stanford University and Xerox 
Corporation. Since then, Ethernet has been 
expanding in use and accumulating history. 
Over the years, it has proven to be reliable and 
efficient in a wide variety of network applica- 
tions. As a result, it has become the first 
industry-standard protocol for local area net- 
works, supported internationally by computer 
manufacturers in the U.S. and Europe. 

In 1980 the Institute of Electrical and Electron- 
ics Engineers (IEEE) sponsored a committee to 
review, document and publish this protocol as 
an international industry standard. After three 
years of review and refinement, this specifica- 
tion is about to be published by IEEE Press 
under the title IEEE 802.3 CSMA/CD Local 
Area Network Standard Protocol, ("CSMA/CD" 
describes the medium access method. Carrier 
Sense, Multiple Access with Collision Detec- 
tion). The IEEE 802.3 document supersedes all 
previously published Ethernet specifications. 

CSMA/CD — Carrier Sense, Multiple Access 
with Collision Detection 

CSMA/CD: This expression describes the 
medium access method used in Ethernet alias 
IEEE 802.3 CSM/VCD. Carrier Sense means all 



nodes on the network can detect all signals 
transmitted on the network from any source. 
Multiple Access means all nodes can have 
equal access to the network without need for 
centralized control. A node is permitted to 
transmit if the network is not already busy. If, 
however, two or more nodes start to transmit 
simultaneously, it is called a collision. Collision 
Detection means that all nodes can detect a 
collision by monitoring the medium. When a 
collision occurs, the transmitting nodes resolve 
which will retransmit first bv differential backoff 
timing. 

Data is transmitted in "packets" or "frames" 
which begin with a preamble for synchroniza- 
tion and end with a CRC field for error 
detection. In between, the frame has source 
and destination addresses, a byte-count field 
and an information field. Total frame length is 
72 to 1526 bytes. 

The physical signaling format used in Ethernet 
is baseband Manchester Code transmitted at a 
rate of 10 million bits per second. In Manches- 
ter Code, each bit is encoded by a transition. A 
"one" is encoded as a low-to-high transition 
and a "zero" as a high-to-low. In this way there 
is a continuous supply of bit-framing informa- 
tion for the receiver, since the transmitted 
signal is never stationary for more than one bit 
time. 
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Interface Techniques for 16-Bit Busses 

Ethernet is a byte-oriented protocol. That is to say, 
the smallest unit of data which can be transmitted is 
a byte. Hence, the 8003 EDLC™ chip has byte-wide 
data bus. Whether the System Interface is the FIFO- 
buffer type or the DMA type, the data transfers to and 
from the 8003 are byte-wide. This application brief 
describes some techniques for interfacing this byte- 
wide communication channel to a 16-bit wide bus. 

In designing an Ethernet node, trade-offs have to be 
made between processing speed and communica- 
tion speed, cost and performance, flexibility and 
simplicity, etc. The right balance may be different for 
each piece of equipment designed, depending on its 
purpose and system requirements. In order to help 
you strike the right balance for your design, several 
interface techniques will be given in the following 
sections. They are covered in order of increasing 
cost/complexity/performance. 

In an 8-bit system, the 8003 can be interfaced 
directly to the data bus as shown in Figure 2. The 
RxTxDO-7 bus is the bus for transferring frame data. 
It connects to the internal 16-byte transmit and 
receive FIFOs. The CdStO-7 bus is a separate input/ 
output port for control and status. It interfaces to the 
system bus so that the processor has direct access 
to all command and status bits. In a 16-bit system, 
CdStO-7 would connect either to the upper or lower 
data byte. 



Split- Word 16-Bit Data Interface 

Refer to Figure 3 for a circuit diagram of this tech- 
nique. The split-word method splits the 16-bit word 
into two halves, using one half for transmit data and 
the other for receive data. In Figure 3, the upper byte 
of the system data bus is used for the transmit 
memory buffer and the lower half for receive. Two 
74LS244 tristate buffers isolate the system bus lines 
from the RxTxDO-7 b us of t he 8003. The upper 
74LS244 is enabled by TxACK from the DMA Con- 
troller. TxACK is the DMA Acknowledge signal for 
the transmit channel. When enabled, this buffer 
transfers a byte of data from the upper byte of sys- 
tem memory to the 8003's Transmit FIFO. Similarly, 
the lower 74LS244 transfers data from the 8003's 
Receive FIFO to the lower byte of system memory. 
Configured in this way, the transmit and receive 
buffers in system memory can occupy the same 
word-address space. 

Full- Word 16-Bit Interface Using Byte-Wide Memory 
Transfers 

Another type of 16-bit interface is one that assem- 
bles and disassembles words by transferring the 
upper byte and the lower byte separately. For exam- 
ple, suppose the convention is chosen that the upper 
byte is to be the first of the two bytes to be transmit- 
ted and the lower byte the second. Then the first 
byte of a frame and all odd-numbered bytes are 
always transferred to/from the upper byte of 
memory, and the second and all even-numbered 
bytes to/from the lower. 
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The data interface for this approach is a variation of 
the one shown in Figure 3. Two tristate buffers are 
replaced by two bi-directional transceivers. AO, the 
least-significant bit of th e DM A Contr oller's address 
is decoded with TxACK and RxACK to enable the 
transceivers. The more significant address bits from 
the DMA Controller, A1 through An, are used as the 
memory address. Upper and lower memory strobes 
are also controlled by AO. Refer to Table 1 for the 
truth table. 



This is the simpler and more economical of two 
"Full-Word" data interfaces described in this applica- 
tion brief. The other one, shown in Figure 5, 
assembles and disassembles words in registers, and 
transfers 16 bits at a time. The advantage of the lat- 
ter approach is in saving bus bandwidth, since it 
uses half as many bus cycles to transfer the same 
amount of data; but there is some additional cost in 
hardware. 



Table 1. AO Address Decoding for Full-Word 16-Bit Interface Using Byte-wide IVIemory Transfers 
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Figure 4. Data Transfer State Diagrams — Four Types 
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Four types of data transfers are shown in Fig- 
ure 4. The first, labeled a, is an unconditional 
transfer sequence such as the type that would 
be used to refresh a CRT screen. This type has 
no use in an Ethernet interface since it is not 
controlled by availability of storage space or 
stored data. 

The diagram in Figure 4 Part b, illustrates a 
transfer which is initiated "on demand". The 
transfer takes place only when a "request" is 
given. An example of this type is data moved 
by a processor on its own synchronous bus. 
Physically the request is generated by the pro- 
cessor, manifesting itself as a set of 
bus-controls, and an address. 

Part c illustrates a transfer that is requested by 
one entity and acknowledged by another. The 
acknowledge signal is used to notify the 
requesting entity that the transfer is about to 
take place. This implementation provides the 
requesting entity verification that the transfer is 
taking place. The diagram represents the 
response of the acknowledging party to the 
request. The requesting party normally waits 
for the acknowledgement to occur. This allows 
the acknowledging party to delay, if necessary, 
for data access. This mechanism is used on 
asynchronous busses, like that of the 68000 
microprocessor. 

The diagram in Part d is that of a transfer with 
request, acknowledge, and bus arbitration. This 
implementation is one that is used to transfer 
information using a DI\/IA controller on the 
main system bus. There are actually two 
request/acknowledgement sequences in this 
transfer, one for bus acquisition and one to 
transfer information on the acquired bus. 
Initially a request generated by one of the two 
"transferees" queues the DIVIA controller to exit 
its idle state, and arbitrate for the system bus 
by generating a "bus request" signal. When the 
bus master relinquishes the bus, a "bus grant" 
acknowledgement is received, notifying the 
DIVIA controller that it now owns the bus. The 
DMA controller then performs the transfer, or 
transfers, by generating a "DMA Acknowledge" 
to the original requesting device, and generat- 
ing the appropriate addresses and read/write 
control signals. Finally the sequence is termi- 
nated with control of the bus returning to the 
main processor through another arbitration. 

Diagrams like these can be used to design 
state machine programs for interfaces like the 
one in Figure 5, which employs a single-chip 
state machine. 



Helpful Hints for State Machine Designers 

As with writing a program, it is desirable to 
start with a "flow chart" or "state diagram". 
Examples of state diagrams can be seen in 
Figure 4. The following are the definitions used 
in the circle-and-arrow state diagrams used 
here. 

1. Each circle represents a single physical 
machine state or an unconditional sequence 
of machine states such that there are no 
"hidden branches" omitted from the 
diagram. 

2. All conditional branches, and wait states 
(which may be viewed as conditional 
branches) are indicated explicitly by arrows. 
Each arrow is labeled with the condition 
which determines the branch. 

Following these or similar guidelines will help 
to avoid unforseen anomalies in the operating 
flow. 

Care should be taken in defining the programs 
for state machines when inputs are asynch- 
ronous with respect to the state-register clock. 
Problems can result when making a conditional 
branch based on an asynchronous input. Such 
problems can cause intermittent branching 
failures with possibilities of perverse conse- 
quences. Intermittency makes this type of 
problem hard to diagnose, so it pays off to 
avoid them by following these design rules: 

1. When a branch is conditional on an asynch- 
ronous input bit, assign next-state addresses 
such that only one state-register flip-flop is 
affected by the asynchronous bit. 

2. For a 3 or more-way conditional branch 
based on more than one independent 
asynchronous bit, break it down into inde- 
pendent 2-way branches which conform to 
rulel. 

3. For inputs which are mutually-dependent 
combinations of 2 or more bits, it is best to 
synchronize them with an input register 
whose clock is synchronized to the state- 
register clock. 

When you have finished the state diagram, you 
have defined the operating program design. 
The next step is to choose the hardware that 
can run your program most efficiently. 

After choosing the hardware, you can translate 
the state diagram, verbatim Into program code 
for the state machine. 
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Figure 5. 16-Bit Fuii-Word DMA Data interface witli 8237/9517 Using Registered I/O Ports 



Full-Word 16-Bit Interface Using Registered 
I/O Ports 

This data interface metliod assembles/disassembles 
16-bit words in a pair of 8-bit registered I/O ports. 
Tine data transfers between tfie memory and the I/O 
ports are 16 bits wide. Transfers between the ports 
and the 8003 EDLC™ chip are byte-wide. 

Registered I/O ports are configured by taking two 
8-bit D-type registers with tri-state outputs and con- 
necting them front-to-back. The result is two 8-bit 
bus connections, each connected to the D inputs of 
one register and the tri-state outputs of the other. 
The port has two register clocks and two output- 
enable controls. An example of such a chip is the 
74LS652. The more popular 8-bit registered I/O port 
chips on the market are in the 0.3 inch 24-pin 
package. 

This interface technique can be used with some 
variation for any of the three basic types of system 
interface, i.e. 1. with FIFO frame buffers, 2. with 
DMA to off-line frame buffers or 3. with DMA to sys- 
tem memory. 



A state machine is used to sequence the assembly 
and disassembly processes. Programmable single- 
chip state machines and logic blocks, available from 
multiple sources, are excellent for this type of 
design. Most are field-programmable one time by 
burning fuseable links. Normally, the state machine 
portion of the design can be done in one or two 
chips. 

A circuit example with the 8237/9517 DMA Con- 
troller appears in Figure 5. A single-chip state 
machine, such as the Signetics 82S159 or 82S105A, 
coordinates the timing for all other components. 
Two 74LS652S are the two registered I/O ports. The 
bus lines on the right side of the ports are com- 
moned to make an 8-bit connection to the RxTxDO-7 
pins of the 8003. On the left, the 16 port lines con- 
nect to the data bus. 

Most of the command signals associated with data 
transfer a re seq uenc ed by the state machine. DMA 
requests (REQO and REQ1), port output-enable line 
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OEB, register clock CKB, Transmit FIFO write 
(TxWR) and Receive FIFO read (RxRD) ar e all under 
state machine control. Output-enable OEA and 
register clock OKA are controlled by the DMA 
Acknowledge lines. All the status lines for data 
transfer connect to the state machine's inputs. 

Figures 6 and 7 summarize the state-machine state 
diagrams for the application in Figure 5. Refer to 
Figure 6 for the word disassembly diagram. The dis- 
assembly process starts with a DMA request issued 
to the DMA's transmit channel. If the channel is not 
enabled, no acknowledge will be given and the state 
machine will remain in the DMA Request State. If the 
channel is enabled, the DMA Controller will request 
and acquire the system bus, then issue the DMA 
Acknowledge. A 16-bit word of data is then read 
from system memory into the two ports. The next 
state is Idle 1. Here the state machine waits for a 
TxRDY ready signal from the 8003 if not already 
present. When TxRDY is high, the machine goes to 
the Read First Byte State. This state moves the 
upper data byte from the upper port into the Trans- 
mit FIFO of the 8003. Another idle state occurs 
where TxRDY is checked for Transmit FIFO readi- 
ness. When ready, the lower data byte from the 
lower port is moved to the Transmit FIFO, ending 
the cycle. 



Refer to Figure 7 for the word assembly state dia- 
gram. Word assembly starts in the Idle 1 State. Here, 
the state machine waits for a signal from the Receive 
FIFO (RxRDY pin) indicating data is present. When 
RxRDY is high, the machine advances to load the 
first byte of the word being assembled to the upper 
port. As the data is read out of the FIFO, the 8003's 
EOF line is tested to determine if it is the last byte of 
the frame. If it is, reading of the second byte is 
skipped. If not, the Idle 2 State is entered. When 
ready, the second byte will be loaded into the lower 
port. Then a DMA Request is given. The DMA Con- 
troller will then request the bus, acquire it and give 
the DMA Acknowledge. Then the state machine 
passes through the Transfer State, writing the 16-bit 
word to system memory. That ends the word 
assembly cycle. 



Further References Available from SEEQ 

8023A MCC™ Data Sheet 

8003 EDLC™ Data Sheet 

Application Note 3: Manchester Encoding and De- 
coding for Local Area Networks 

Application Brief 6: DMA Interconnection to the 
8003 EDLC™ 
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Introduction 

SEEQ's 8003 Ethernet-compatible data link control- 
ler provides an economical communication interface 
for terminals, personal computers, workstations, 
printers, disk drives and host computers. The 8003 
is a 40-pin VLSI device which can replace approxi- 
mately 60 MSI and SSI components in a typical 
Ethernet node configuration. 

This application brief is about design techniques for 
an Ethernet node when direct-memory access (DMA) 
is chosen as the means of transferring data between 
the system bus and the channel. The methods des- 
cribed herein can be applied to virtually any com- 
puter or system bus architecture. 

Ethernet local area networks use the broadcast net- 
work topology. That is to say, a signal transmitted by 
any station reaches all other nodes on the network. 
This is in contrast to other types of networks, such 
as the "star" and the "ring", which use point-to-point 
interconnections. Transmitted messages in Ethernet 
are "broadcast" on a segment of 50ft coaxial cable. 
Communication nodes are attached to this cable via 
passive taps, so that new nodes can be added at any 
time without interrupting the network service. Nodes 
on the network can be addressed individually, in 
"multicast" groups, or by the "broadcast mode" to all 
nodes simultaneously. The broadcast topology is a 
very efficient mode of communication, yet it is sim- 
ple and inexpensive to implement. 

Ethernet alias IEEE 802.3 CSMA/CD 

The first Ethernet local area network was imple- 
mented in Palo Alto, California in 1975 as a joint 
effort of Stanford University and Xerox Corp. Since 



then, Ethernet has been expanding in use and 
accumulating history. Over the years, it has proven 
to be reliable and efficient in a wide variety of net- 
work applications. As a result, it has become the first 
industry-standard protocol for local area networks, 
supported internationally by computer manufactur- 
ers in the U.S. and Europe. 

In 1980 the Institute of Electrical and Electronics 
Engineers (IEEE) sponsored a committee to review, 
document and publish this protocol as an interna- 
tional industry-standard. After three years of review 
and refinement, this specification is about to be pub- 
lished by IEEE Press under the title IEEE 802.3 
CSMA/CD Local Area Network Standard Protocol. 
("CSMA/CD" describes the medium access method, 
Carrier Sense, Multiple Access with Collision Detec- 
tion.) The IEEE 802.3 document supersedes all 
previously published Ethernet specifications. 

CSMA/CD — Carrier Sense, Multiple Access with 
Collision Detection 

CSMA/CD: This expression describes the medium 
access method used in Ethernet alias IEEE 802.3 
CSM/VCD. Carrier Sense means all nodes on the 
network can detect all signals transmitted on the 
network from any source. Multiple Access means all 
nodes can have equal access to the network without 
need for centralized control. A node is permitted to 
transmit if the network is not already busy. If, how- 
ever, two or more nodes start to transmit simul- 
taneously, it is called a collision. Collision Detection 
means that all nodes can detect a collision by moni- 
toring the medium. When a collision occurs, the 
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transmitting nodes resolve which will retransmit first 
by differential backoff timing. 

Data is transmitted in "packets" or "frames" which 
begin with a preamble for synchronization and end 
with a CRC field for error detection. In between, the 
frame has source and destination addresses, a byte- 
count field and an information field. Total frame 
length is 72 to 1526 bytes. 



The physical signaling format used in Ethernet is 
baseband Manchester Code transmitted at a rate of 
10 million bits per second. In Manchester Code, 
each bit is encoded by a transition. A "one" is 
encoded as a low-to-high transition and a "zero" as 
a high-to-low. In this way there is a continuous 
supply of bit-framing information for the receiver, 
since the transmitted signal is never stationary for 
more than one bit time. 
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Figure 1. Ethernet Node Configuration 



Figure 1 shows a typical CSMA/CD node con- 
figuration. The System Interface connects the 
host system bus to the network. This interface 
varies depending on processor and system 
requirements. 

Data Link functions are performed by SEEQ's 
8003 EDLC" Ethernet Data Link Controller 
chip. This device performs medium access 
control, frame formatting and error detection. 
The Physical Layer functions, carrier sense, 
collision signal detection, data signal encoding 
and decoding are performed by SEEQ's 8023A 
MCC™ Manchester Code Converter chip. Man- 
chester Code is the physical signaling format 
used on the network. Data is transmitted on the 
network at a rate of 10 million bits per second. 



The Data Terminal Equipment hardware, con- 
sisting of the System Interface, the 8003 
EDLC™ chip and the 8023A MCC™ chip, is 
connected to the Transceiver by the Access 
Unit Interface (AUI) cable. This cable consists 
78n balanced, shielded twisted-pair connec- 
tions, DC biased at the Data Terminal end and 
transformer-coupled at the Transceiver end. 

Besides the passive tap to the Trunk Coax, the 
Transceiver provides signal amplification, pre- 
conditioning on the receive path, impedance 
matching, DC isolation, collision detection and 
collision signaling generation. DC power for 
the Transceiver circuits is provided through the 
cable. 
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DMA DIRECTLY TO/FROM 
SYSTEM MEMORY 



Figure 2. SEEQ's Ethernet Chip Family: 8003 EOLC" 
Ethernet Data Link Controller, 8023A MCC" lUlanchester 
Code Converter 
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Figure 3. DMA System Interface Techniques 



Direct iVIemory Access System Interface 

There are two basic methods for interfacing the 
CSMA/CD channel to the system bus using DIVIA, 
illustrated in Figure 2. The first method uses DMA to 
transfer data directly between the Ethernet Data Link 
Controller and the system memory. In the second 
method, a temporary buffer memory intervenes 
between the system memory and the EDLC™ chip. 
The intervening buffer relieves the system bus of 
some of the traffic and timing requirements asso- 
ciated with the channel. These two methods will be 
the subject of the following sections. 



DMA Design Considerations for Ethernet 

In designing an Ethernet node, some trade-offs have 
to be made between processing speed and commun- 
ication speed, cost and performance, flexibility and 
simplicity, etc. The right balance can be different for 
each piece of equipment designed, depending on its 
purpose and system requirements. In order to help 
you evaluate the trade-offs for your design, this sec- 
tion discusses some of the key parameters for you to 
consider at the outset. 

Time is Data 

Since the data transmission rate for Ethernet is 10 
million bits per second, data transfers during active 



periods will have to keep up. That means data has to 
be moved at 1.25 million bytes per second to/from 
the communication channel. The DMA Controller 
must meet this speed requirement or frames will be 
lost. If the system is to support loopback diagnos- 
tics, both transmit and receive DMA channels will 
have to operate simultaneously, together transfer- 
ring 2.5 million bytes per second. Not just any DMA 
Controller will do. 

Bus Bandwidth 

This is only a consideration for systems with heavy 
communications traffic and/or critical response tim- 
ing. The transfer of data on the system bus can 
sometimes use up a considerable percentage of the 
bus time, at least for short bursts. If this is a prob- 
lem, the method with dedication buffer memory can 
be used to offload the system bus (see Figure 2 
bottom). 

With or Without Dedicated Buffer Memory 

If the system architecture does not support 1.25M 
Bytes/s DMA, the dedicated buffer approach can 
solve the timing problem. If the system architecture 
does support high-speed DMA, then bus bandwidth 
is the key factor which influences this decision. In 
this case it is clearly a cost-performance issue. The 
dedicated buffer can relieve system bus traffic, but it 
takes more hardware to implement. 
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Cycle-Steal or Burst Mode DMA 

Refer to Figures 3 and 4. In the Cycle-steal DMA 
Mode, the DMA Controller "steals" a bus cycle to 
transfer one and only one byte or word of data. In 
the Burst DMA Mode, each time the DMA Controller 
acquires the bus, it can transfer several bytes or all 
the data to fill or empty a buffer. Either of these two 
modes can work for Ethernet in principle if the 
transfer speed is adequate. The Burst Mode is usu- 
ally preferred by reason of timing efficiency. In Burst 
Mode, bus arbitration and change-over delays are 
kept to a minimum. Also, Burst Mode allows the 
DMA Controller to fill or empty a buffer in one DMA 
cycle. 

On Demand 

Transfers between memory and the communication 
circuitry must be done on demand. Some DMA Con- 
troller chips will only transfer blocks of data in 
predetermined lengths. This will not work since the 
processor and DMA Controller cannot know in 
advance how many bytes of data can be transferred 
at a given time. 

Maximum Bus Grant Latency 

The time it takes to get the bus after a request is 
made is called bus grant latency. If the DMA method 
without buffer memory is used, each time a DMA 
transfer to/from the 8003 EDLC™ chip begins, the 
DMA Controller must arbitrate for and acquire the 
system bus. If the latency is too long, the transmitter 
may underflow or the receiver overflow. The 8003 
has transmit and receive FIFOs which are 16 bytes 
deep, so it must transfer data at least once every 
12.8 microseconds when active (16 x 800 nano- 
seconds). Maximum bus grant latency should be 
deterministic and always less than that required to 
prevent underflow and overflow. 



8003/DMA Node Hardware 

The 8003 has an 8-bit bi-directional data bus 
(RxTxDq-t) for data transfers to and from its internal 
FIFOs. In Figure 6, the node hardware is configured 
to transfer data directly to/from system memory over 
this bus. (This is the technique referred to previously 
in Figure 3 at the top.) A two-channel DMA Controller 
is used, providing one channel for transmit data and 
one for receive data. 

A transfer to the transmitter of the 8003 begins with 
a DMA Request given by the 8003 (its TxRDY pin 
goes high). The DMA Controller then issues a Bus 
Request to the processor. After completing the cur- 
rent cycle, the processor halts and gives a bus grant 
to the DMA Controller, which then transfers the data 
by issuing a DMA Acknowledge and all necessary 
address and control signals. Additional transfers 
would take place if Burst Mode is used until the 
Transmit FIFO is full, indicated by the TxRDY pin 
going low. Then the bus is released to the processor 
and the DMA cycle is over. 

Data transfer from the Receive FIFO happens in the 
same way but with data flowing in the opposite 
direction. It starts with a DMA Request from the 8003 
(its RxRDY pin goes high). If Burst Mode is used, the 
DMA will continue to transfer until the Receive FIFO 
is empty, indicated by a low on the RxRDY pin. 
The Data Interface for a DMA node with buffer 
memory appears in Figure 6. In this case, a 4- 
channel DMA Controller is used. Two channels are 
needed as before to transfer data between the 8003 
and memory. These two channels operate "off-line" 
and do not require bus arbitration. The other two 
transfer data between the buffer memory and the 
system bus. They do require the usual bus 
arbitration. 
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Figure 4. DMA Cycle-steal Mode State Diagram 
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Figure 5. DMA Burst Mode State Diagram 
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For this design, the RxTxDa-7 Receive/Transmit 
Data Bus of the 8003 connects to a separate bus 
which is isolated from the system bus by a trans- 
ceiver. This bus gives the 8003 immediate access to 
the buffer memory without the need for arbitration. 

The two channels for memory-to-memory transfer 
use the usual bus arbitration method to access the 
system bus. For these two channels, data being 



transferred passes through the transceiver shown in 
the top center of the figure. The tri-state buffer 
appearing at the bottom center passes the address 
from the DMA Controller to the System Memory dur- 
ing the transfer. The tri-state buffer and transceiver 
are enabled by the DMA Controller at the appro- 
priate time in its cycle. 
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Figure 6. Data Interface for DMA Directly to/from System Memory 
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Command Status Interface 

The Command/Status Interface for the 8003 is 
shown in Figure 8. The 8003 has a separate bi- 
directional 8-bit bus for accessing its internal com- 
mand and status registers. This bus is labeled 
"CdStO-7" in the figure. Three address lines, Aq, Ai 
and A2 select the register to be accessed. Refer to 
the 8003 data sheet for a full description of these 
registers and their addresses. 

To write to a command register, the system bus 
decoder must provide a low level to both Chip Select 
(CS) and Write (WR) while data and the three address 
bits are valid. To read a status register^ low is app- 
lied to both Chip Select and Read (RD) while the 
address is valid. 

The Interrupt Request line (INT) goes high to request 
an interrupt when specific conditions occur. This 
line drives the interrupt input of the processor, either 
directly or through an interrupt-priority logic block. 
Conditions for generating an interrupt are selected 
by setting bits in the command registers. For details, 
see the data sheet. The Interrupt Request line is 
cleared automatically when the processor reads the 
status registers. 

8237/9517 DMA Controller Interface 

The interconnection of popular the 8237/9517 DMA 
Controller to the 8003 is illustrated in Figure 8. The 
TxRDY control line from the 8003, which indicates 
that the Transmit FIFO is not full, is used to generate 
the DMA request for Channel 1, the transmit chan- 
nel. Similarly, RxRDY which indicates that the 
Receive FIFO is not empty generates a request for 
Channel 0, the receive channel. After a request for 



Channel 1, the DMA Controller will issue simultane- 
ously a DMA ack nowle dge (on DACK1) and an 
inp ut/outp ut write (lOW), which are used to assert 
the TxWR write line on the 8003. After a request for 
Channel 0, the DMA Controller will issue simultane- 
ously a DMA acknowledge on DACKO and an 
input/ output read (lOR). These are used to assert the 
RxRD read line on the 8003. 

The EOP control line on the 8237/9517 indicates the 
"end of process" which has the same meaning as the 
8003's "end of frame" line (EOF). These lines are 
used to terminate the transfer process after th e last 
byte of a frame has been transferred. Both the EOP 
and EOF lines are bi-directional, the direction de- 
pending on the direction of data transfer. They are 
interfaced together by an inverting transceiver, whose 
direction of operation is controlled by the DACKO 
and DACK1 acknowledge lines. 

The active polarities of the DREQ and DACK lines 
on the 8237/9517 are programmable by setting 
internal control bits. For the interface shown, they 
should be programmed active high. 

68440/68450 DMA Controller Interface 

The 8003 interface to the 68440/68450 DMA 
Controllers from the popular 68000 microcomputer 
family is shown in Figure 9. The request lines on the 
68440/68450 can be programmed to be level or edge 
sensitive. In this example, level sensitivity is selected 
by setting internal control bits. As in the previous 
example of Figure 9, the TxRDY output of the 8003 
drives the request line for Channel 1 and the RxRDY 
requests Channel 0. 
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Figure 9. 8003 Interface to 8237/9517 DMA Controller 
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Figure 10. 8003 Interface to 68440/68450 DMA Controller 



The acknowledge lines on the 68440/68450 can be 
connected directly to the TxWR and RxRD inputs of 
the 8003 as shown in Figure 9. 

On the 6844 0/6845 0, the EOF function pin is called 
"done". The DONE pin interfaces to the 8003's EOF 
pin through an inverting bi-directional transceiver 
shown at bottom center of the drawing. As in the 
previous example, this signal terminates the channel 
activity at the end of the frame. 



The POLO and PCL1 lines on the DMA Controller 
are put to good use in this application. They are 
programmable inputs associated with Channel and 
Channel 1 res pectively. By setting internal control 
bits, the PCL1 line can be programmed to activate 
the on-chip interrupt request logic. The interrupt 
request outp ut of the 8003 (INT) is used to drive it. A 
low on PCL1 will interrupt the processor to read the 



status registers of the 8003. This is used for a variety 
of conditions which can occur on the network. For 
example, if 16 consecutive collisions occur, network 
diagnostics and/or an alarm are ordered by inter- 
rupting the processor. The status code which has 
generated the interrupt is read by the processor 
from the 8003's internal status registers. 



The PCLO input can be programmed to be an input 
for restarting Channel 0, the receive channel. In this 
mode, a low on PCLO will re-initialize the channel 
automatically. It is driven by the 8003's RxDC 
receive discard line. RxDC goes high following 
reception of a bad frame or frame fragment. This will 
in effect discard the bad data and restart the receive 
channel, without the need for processor intervention 
in setting up the channel. 
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E^ROM Interfacing 



Introduction 

The continuing rapid evolution in semiconductor 
E^ROM memory device technology offers the system 
designer an ever-increasing choice of function and 
capability. With these increasing choices for E^ROIVl 
devices, however, comes the problem of standardiza- 
tion (or lack thereof) concerning such specifications as 
endurance, timing characteristics, interface require- 
ments, ad infinitum. Today, there are two popular types 
of commercially available E^ROM devices. 

Both of these types of devices have the JEDEC- 
approved pinout shown in Figure 1, including the 
multi-functional pin 1, but differ in the timing of the 
control interface. The first E^ROM type, the latched 
type device, such as SEEQ's 52B33 latches the ad- 
dr esses, control, an d dat a inputs on the falling edge 
of WRITE ENABLE (WE). For this type device, the 
WE input must remain active low for the duration of 
the write cycle. The second type of E2ROM, the timer- 
type device, latches address es, data , and cont rol sig- 
nals on the risi ng edge of WR ITE ENABLE or the 
rising edge of CHIP ENABLE ( CE). For the timer 
device, such as SEEQ's 2864 the WE input need not 
be held low for the entire write cycle. The primary 
difference between the latched and timer devices is 
the control timing required to interface to the micro- 
processor. Each of these types of devices has advan- 
tages depending on system performance and config- 
uration requirements. 
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Figure 1. JEDEC Pinout— 64K E2ROMs 



When the designer attempts to use the advantages of 
both in the same system, a problem is encountered. 

One of the most frustrating problems facing a system 
designer is the design of an E^ROM/microprocessor 
interface that will allow compatible operation of timer 
and latched type E^ROM devices in the micro- 
processor-based system. The purpose of this 
application note is to give examples of cost-effective 
designs of E^ROM/microprocessor interfaces, which 
allow the use of both timer and latched E^ROM devices 
in the system with no changes required to either the 
controlling software or the hardware. With the inter- 
faces shown in this application note, it is possible to 
operate with BOTH latched and timer devices simul- 
taneously in the system if the device access times are 
compatible. 

The microprocessor interfaces described in this appli- 
cation note are for the 8085, 8086, 8088, Z80, and 
71840. Software examples are provided for the Z80 and 
71840 processors. By extension, the Z80 code is easily 
transportable to 808X processors. In most cases, the 
hardware required for compatibility consists of only two 
additional standard (14-pin) TTL packages. 

It is hoped that these example interfaces will assist the 
system designer in implementing E^ROMs in his sys- 
tem. By no means are these special cases presented to 
limit the system designer, but to provide a starting point 
for his design. The interface circuits presented are for 
the family of E^ROM devices (16K, 32K, and 64K). 
Other extensions of the ideas presented may permit 
lower power, lower cost, or optimization of other 
parameters deemed more important. 

The body of this application note consists of two sec- 
tions. First, the Basic Operation section gives the 
theory of operation of all of the interfaces and should 
be read to familiarize oneself with those factors com- 
mon to all of the microprocessor interfaces. Second, 
the Microprocessor Interface section details the design 
of the TTL interface required for the given micro- 
processor. 
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Basic Operation 

Each of the E^ROM microprocessor interfaces de- 
scribed in the next section integrates hardware and 
software to achieve compatibility between latched and 
timer E^ROM devices. Naturally, both hardware and 
software are processor-dependent. However, the write 
cycle used is basically the same for all the examples 
shown. 



For compatibility between the latched and timer E^ROM 
devices, the interface provides control waveforms that 
have timing compatible with both, since the major dif- 
ference between latched and timer E^ROM devices is 
the timing of the write control interface to the micro- 
processor (see Introduction). The basic waveforms for 
latched and timer E^ROMs are shown in Figures 2a 
and 2b, respectively. The latched typ e E^ROM device 
acquires data on the leading edge of WRITE ENABLE 
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(WE). The timer type device acquires data o n either the 
traili ng edge of WE or the trailing edge of CHIP ENA- 
BLE (CE). Interface compatibility is achieved between 
the latched and timer devices by strobing the data, con- 
trol, and addresses on the leading edge of the Write 
Enable pulse for the latched device and then by str ob- 
ing the data on the trailing edge of CHIP ENABLE for 
the timer device (see Figure 3). By using this technique, 
the hardware interface is greatly simplified. 

The software part of an E^RQM interface is very simple, 
but very important. A read operation for both latched 
and timer E^ROM devices is accomplished by a 
straightforward issuance of a microprocessor Read 
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Figure 3. Latched/Timer Compatible E^ROIVI Write Cycle 



command at a particular address (see Figure 4). A write 
operation, however, involves a more complex process. 

The flow chart for writing to the E^ROM is the same for 
all microprocessors and is shown in Figure 5. After a 
Write command is issued, time is required to allow 
proper writing to the storage cell of the E^ROM device. 
A Read command is then issued to terminate the write 
operation. Note that this Read command is not to be 
used to actually read the E^ROM device, but is inserted 
to reset the logic circuits used to drive the WE input of 
the E^ROM device. 

Between initiation and termination of a write cycle, the 
interface uses some timing mechanism to assure 
proper write conditions to the E^ROM and to know 
when the E^ROM is available for another read/write 
cycle. The duration of the timeout (ty^p) depends upon 
the type of E^ROM used. For allotypes, ty^/p should fall 
between the minimum and maximum specifications of 
all E^ROMs for which the application is designed. The 
latched type of device requires less write time than 
does the timer type device. 

The implementation of this timing can be accomplished 
in either hardware or software. In hardware timing, a 
timer can interrupt the processor at regular intervals, or 
at the end of the desired write time (ty^p). In software 
timing, the processor simply counts down, waiting for 
the desired tyyp. For ease of general implementation, 
the given examples utilize software timing (see Figure 
5). The tradeoffs, however, between software and 
hardware timing comprise an involved topic. The sys- 
tem designer must make this decision, considering 
such factors as processor throughput, board space, 
and expense. 
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Figure 5. Software Flowchart — E^ROM Write Cycle 



After the cycle described by Figure 5 is complete, the 
E^ROM device is available to be accessed for another 
Read or Write command. Often, another read will be 
performed in order to verify the written data. With the 
solution proposed, this subsequent read cycle will have 
normal timing, and all required write recovery para- 
meters will be satisfied. 

The general description provided above applies to most 
of the processors shown in the specific examples 
below. For more detailed information, the reader should 
refer to the schematic, waveforms, and software that 
apply to a specific processor. 

Microprocessor Interfaces 

8085 Interface 

The schematic for the 8085 interface to a timer or 
latched E^ROM device is shown in Figure 6. This inter- 
face consists of one each of a 74LS02 and 74LS74 type 
package and allows the system designer to use the WR 
signal from the 8085 to initiate the write cycle to the 
E^ROM device. The design permits use of either a timer 
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OR a latched E^ROM device with no change required 
to the controlling software or hardware. The following 
discussion of the operation of the 8085 interface relies 
on the 8085 tinning diagram summary for read and 
write cycles shown in Figures 7a and 7b respectively. 



Initiating a write cycle requires the software control 
routine as charted in Figure 5. Should the reader desire 
a specific example, the Z80 code (see Figure 12) is 
transportable to the 8085. 
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Figure 7a. 8085 Read Timing Summary 
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Figure 7b. 8085 Write Timing Summary 
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The basic write operation waveforms for this interface 
are shown in Figure 8. The write cycle begins with the 
addresses becoming valid and being decoded to drive 
SELECT active low, in order to drive the CHIP 
ENABLE (CD active low at the E^ROM device pin 
(selecting the desired device) (see (a) in Figure 6). An 
active low level on WR fro m the 8085 (indica ting a write 
cycle initiation) allows the WRITE ENABLE latch of the 
interface to be clocked by the next falling edge of the 
8085 clock output (CLK) (see (b) ). Addresses, data, 
and control inputs to the latc hed type E^ROM are 
latched in at the falling edge of WRITE ENABLE (WE) 
— shown as (b) in Figure 8. For the timer type E^ROM 
device , howeve r, data is latched on the rising edge of 
(DiHiP ENABLE (CE) — shown as (c) in Figure 8. 
Note that CE is hel d active low for a rela tively short 
period of time, while WRITE ENABLE (WE) is held low 



for the entire write time of the E^ROM device. In this 
manner, the waveforms shown in Figure 3 are pro- 
duced, providing signals compatible with both the 
latched and timer type devices. 

To end the write cycle, the 8085 issues a Read com- 
mand to the E^ROM device. This read cycle en- 
ables the Write R eset latch which in turn presets the 
WRITE ENABLE latch (shown in Figure 6). The preset 
to the WE latch brings WE to Vih (see (d) in Figure 
8). As indicated in Figure 8, this read cycle does not 
produce valid data from the E^ROM. This read cycle is 
used merely to terminate the write cycle. 

The latched and timer devices respond identically in a 
read cycle. The 8085 read cycle, shown in Figure 7a, 
produces the read cycle waveforms shown in Figure 4. 
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•Ac-I^T- AOORRESS SIGNALS MULTIPLEXED WITH DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES. 
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Z80 Interface 

A sample interface is sinown for a Z80 processor (see 
Figure 9). The timing diagram for write cycle waveforms 
at this interface is also shown (see Figure 10). The basic 
circuit is very similar to the 8085 interface, with the dif- 
ferences based on the fact that the Z80 has data valid 
at both edges of WR (see Figure 11). This simplified 
timing allows a more simple interface. The CLK output 
from the processor is not necessary, and WR alone 
provides timing for the write cycle initiation. 

The operation of the circuit is otherwise very similar to 
the 8085 interface. After addresses are brought valid on 
the address bus, they are decoded to drive SEL active 
low, which drives CE active low at the E^ROM device 
pin (see Figure 9, and (a) in Figure 10). At the falling 
edge of WR (when this device is selected), the WE latch 



is clocked, bringing WE active low (see (b) in Figure 
10). At this time, the latched type device latches 
address, data, and control signals, while the timer type 
device latches address and control signals. At the fall- 
ing edge of WR, the gating circuitry brings CE high , 
latching data for the timer type part (see (^ in Figure 
10). Within a normal processor cycle, a write cycle has 
been initiated with timing in accordance with the gen- 
eral approach of Figure 3. Even with additional buffers 
which may be common in a bus oriented system, this 
interface can be used with a Z80, Z80A, or Z80B oper- 
ating with no wait states at up to 6 MHz clock 
frequency. The individual system designer, of course, 
must check his own application to ensure satisfaction 
of applicable setup and hold requirements in the spe- 
cific system for which the application is intended. 




Figure 9. ZSO/E^ROM Interface 
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Figure 10. Timing Diagram — E^ROIVI Interface (Write Cycle) 



The termination of a write cycle is very straiglitforward. 
As shown in the Basic Operation section (see Figure 5), 
a read operation to the E^ROIVI terminates the write 
cycle, but does not provide valid data. For the interface 
operation in write cycle termination, the reader should 
refer to Figure 10. The addresses are brought valid on 
the address bus, and are decoded to drive SEL active 
low (see (a) in Figure 10). The gating circuitry, how- 
ever, inhibjts CE, and CE remains at Vih. At the rising 
edge of RD, the flip-flo p re ceives a positive e dge 
trigger, and clocks jnjhe SEL signal to preset the WE 
latch. At this point, WE is brought high (see (d) in Fig- 
ure 10), terminating the write cycle. For the remainder 



of this processor bus cycle, CE becomes valid for a 
short while. However, RD is no longer active low, and 
no valid data is read in this bus cycle. There is no prob- 
lem with tyvpj since the write recovery time occurs 
during the remaining part of this bus cycle. 



Frequently, one may wish to read again from the 
device, in order to verify data written. This read will be a 
normal read, following the general waveforms of Figure 
4. In a read operation, the interface drives CE active low 
to select the device, and RD enables the output from 
the E^ROM device. 
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Figure 11. Z80 Read and Write Cycle 
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LOC 



EEWRZ80, 1 
OBJ CODE M STMT SOURCE STATEMENT 



ASM 5.9 



009B 


3EFF 


009D 


12 


009E 


CDAEOO 


OOAl 


lA 


00A2 


78 


00A3 


12 


00A4 


CDAEOO 


OOA/" 


lA 


OOAS 


lA 


00A9 


BS 


OOAA 


C2C800 


OOAD 


C9 



OOAE 
OOAF 



78 
3202C0 



00B2 


3E07 


00B4 


47 


00B5 


3E06 


00B7 


4F 



00B8 


3E00 


OOBA 


OB 


OOBB 


BS 


ODBC 


C2BA00 


OOBF 


B9 


OOCO 


C2BA00 


0OC3 


3A02C0 


00C6 


47 


00C7 


C9 



175 
176 
177 
178 
179 
ISO 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 



ZSO EEROM Write routine. 
Incorporates auto-erase and timing 
in software. 
Accepts: address to be written: Reg DE 

Data to be written: Reg B 
Uses: A, B, D, E Destroys: A 



EEWR: 



LD 


A, OFFH 


; FF for erasure. 


LD 


(DE), A ; 


BEGIN ERASE 


CALL 


Wai tTwp 




LD 


A, <DE) ; 


END ERASE 


LD 


A,B ; 


Data to be wr i t ten 


LD 


(DE), A 


-, BEGIN WRITE 


CALL 


Wai tTwp 




LD 


A, (DE) ; 


Read to end Wr i te 


LD 


A, (DE) i 


Read to Ver i f y 


CP 


B ; 


Check Verification 


JP 


N2, ERRl 




RET 







; Wait routine for EEROM Byte/ Erase 
; Uses; Registers A, B, C 
; Destroys: A, C 

Wai tTwp :LD A, B 
; Store B reg in TMPl 

LD (TMPl), A 

Set timing constant for Twp. 
This 16-bit constant is loaded 
into Registers EC, and depends 
on the speed of the CPU clock. 

LD A, 07 

LD B,A 

LD A, 06 

LD C, A 

The following loop performs the wait, 
by decrementing BC until the 15-bit 
number contained in BC equals zero. 



DUN: 



LD 


A, OOH 


DEC 


BC 


CP 


B 


JP 


N2, More 


CP 


C 


JP 


NZ, More 


LD 


A, (TMPl) 


LD 


B,A 


RET 





Restore B Reg 



Figure 12. ZSO E^ROM Erase/Write Routine 




eeeo 



Technology, Incorporated 



5-53 



8088 Interface 

An example interface is shown between an 8088 (oper- 
ating in minimum mode) and a 16K E^ROM (see Figure 
14). The reader may note that this is almost identical to 
the 8085 E^ROM interface (see Figure 6), with only 
minor differences. First, the NOR gates used cannot be 
a standard TTL or LSTTL device, but must be a CMOS 
or other high impedance input, so that the CLK signal 
is not loaded. The CLK signal, as output by the 8284, is 
used as the clock input to the 8088. The Voh level on 
this signal can fall below specification as a result of a 
TTL load. A CMOS NOR package, such as a 74C02 or 



similar device, eliminates this problem. Since the 
74LS74 operates from bussed control and data lines, its 
requirements are not so stringent, and a 74LS74 will 
work fine in most applications. 

The operation of this circuit is almost identical to the 
operation of the 8085 interface, as a comparison of the 
timing diagrams will show (see Figures 7b and 15) . 
Because these processors share similar bus timing, the 
signals differ only in magnitudes of setup and hold 
times. All required setup and hold times should be con- 
firmed to the satisfaction of the system designer. 
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Figure 13. 8088/8086 Bus Timing — Minimum IMode 
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Figure 14. E^ROM Interface — 8088 (Minimum Mode) 
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•Ao-Aij: ADDRRESS SIGNALS MULTIPLEXED WITH STATUS AND DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES. 



Figure 15. Timing Diagram — 8088/8086 E^ROIVI Interface 



8086 Interface 

A sample E^ROM interface shown for the 8086 (see 
Figure 16) compares very closely in layout and opera- 
tion to that for the 8088 (see Figure 14). The 8086 
interface accounts for the 16-bit 8086 data bus by latch- 
ing both bytes of address and implementing a pair of 
devices to read and write an entire word at a time. 
E^ROIVl interface control signals are identical to those 
for the 8088 interface (see Figure 15). 
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Figure 16. E^ROM Interface — 8086 (Minimum IVIode) 



71840 (Z8) Interface 

An example E^ROM interface is presented for the 
71840 (see Figure 17). SEEQ's 71840 is a single-cfiip 
microcomputer, with 4K x 8 of EPROM and 244 bytes 
of RAM, which is otherwise compatible with the Z8. 
Using the architecture and code of the Z8, the 71840 
has a logical instruction set, pipelined execution, and a 



high degree of flexibility, while providing the additional 
features of Silicon Security™ and EPROM program- 
ming. The interface shown includes the octal latch, 
used to demultiplex the eight address/data bits for the 
E^ROM. The rest of the circuit acts to produce the con- 
trol signals shown in Figure 3. 
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j£ 



n 



^ 



«o- 



-| 1/4 74LS00 



qO 




-> r Q >T 



:^' 



^' 



^ 



Figure 17. 71840/E2ROM Interface 
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The operation of the remaining circuitry in write cycle 
initiation is very simple. The following explanation 
refers to the timing diagram presented in Figure 18. To 
initiate the write cycle, the 71840 issues a Write com- 
mand to the E^ROM device. After addresses become 



ecpri 



valid, the decoder brings SEL active low (see 
Figure 18 ). Subsequently, the falling_edge of CDATA 
STROBE (DS) clocks R/W intojhe WE flip-flop, initiat- 
ing a write cycle by bringing WE active low (see (b) in 
Figure 18). At this time, the latched E^ROM latches 
address, data, and control signals. 

At the trailing (rising) edge of DS, the gating circuitry 
inhibits CE, and CE is brought to Vih (see (c) in Figure 
18). At this point, the timer E^ROM latches data and 



initiates its write cycle. Both devices have begun the 
write cycle; now the system is able to time out the write 
cycle, in order to complete storage of charge within the 
e2R0M cell. 

The termination of the write cycle occurs with equal 
simplicity (see Figure 18). When the processor reads 
from the E^ROM, the rising edge of DS causes the WE 
flip-flop to be preset. This brings WE high (see (d) in 
Figure 18), ending the write cycle. 

An example software driver routine is provided for the 
71840 (see Figure 19). This routine will handle initiation, 
timing, and termination of a write cycle, as well as 
automatic erasure of the byte to be programmed. 




•A0-A7: ADDRRESS SIGNALS MULTIPLEXED WITH DATA SIGNALS MUST BE DEMULTIPLEXED USING OCTAL LATCHES. 



Figure 18. Timing Diagram — 71840/E2ROI\/I Interface 
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P 0060 7C FF 

P 0062 92 70 

P 0064 D6 0071 

P 0067 82 80 



P 0069 92 
P 006B D6 
P OO&E 82 

P 0070 AF 



P 0073 D6 
P 0076 00 
P 0078 6D 
P 007B 8B 
P 007D AF 



0080 FF 

0081 00 
0083 6D 
0086 8B 



P 0088 AF 



90 

0071 

80 



P 0071 EC OA 



007E 
EE 

007D 
F6 



P 007E FC 6A 



EF 

0088 

FS 



186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 



// 

// Th« following is a general routine for wriimy 

// data contained in the working register 

// DataReg to an EERON in 

// the location pointed to by the worKing register 

// pair AdRegi This EEROM is assumed to be in the 

// externa) data memory of Z8« 

// Write FF to erase byte. 

EEWRj LD OutReg, «%FF 

LDE SAdReg, OutReg 

CALL WaitWP 

LDE NowReg, SAdReg 



// Wait for Twp 
// Turn off WE 



// Nowi write the data to the part. 

LDE SAdReg* DataReg 

CALL WaitWP // Wait for Twp 

LDE NowReg, BAdReg // turn off WE ■ 

FinWr: RET //return from routine 

// End of EEPROM Write Routine 

// 

// Timing routines 

WaitWP: LD RLoop2i »Twp // « of ms to wait 

// 10-> wait 10 mS. 

// 1 -> Wait I mS. 



WPLoop: CALL 
DEC 
JP 
JR 

DunWPi RET 



Wai 1 1ms 
RLoop2 
Z, DunWP 
WPLoop 



// Done with Twp. 



// Basic 1 msec timing routine- 

// adjust for microprocessor crystal freq. 

// The value of Hex58 (DecSS) works with 

// a Z8 with a 6.144 MHz xtal. 

// Use X6A for 7.3728 MHz xtal, Elimination 

// of NOP, or xtal substitution, will 

// require reca I ibrat ion. 

Wait 1ms: LD RLoop3, »%6A 



Timlpj 



NOP 
DEC 
JP 
JR 



Dun 1ms: RET 



RLoop3 

Z) Dun 1ms 

Timlp 



// Done with wait 



//End of EEROM Timing Routines 
/ / 



Figure 19. 71840 E^ROM Erase/Write Routine 



Conclusion 

The development in E^ROM memory is continuing at 
an ever increasing pace. Recent strides in E^ROiVi cost 
reduction, access time, and availability have made non- 
volatile memory suitable for more applications than 
ever before. It is the purpose of this application note to 
contribute to this evolution in semiconductor memory 
by assisting the system designer in the task of E^ROM 
implementation. Armed with basic hardware and soft- 
ware examples of working E^ROM applications, the 
designer can more easily complete a feasible E^ROM 
design, using the flexible, cost-effective devices cur- 
rently offered. 
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Power-Up/Down with 
SEEQ's E^ROM 



Introduction 

Electrically Erasable programmable Read-Only 
Memories (E^ROMs) are semiconductor devices 
offering high-density non-volatile random-access 
data storage. A read operation with E^ devices is 
similar to that for an EPROM or static RAM. The 
write operation, however, requires a millisecond or 
longer Previous generations of E^ROMs required 
high-voltage wave-shaped pulses during a write 
operation. With such strict requirements for the 
write control signal, the typical E^ system designer 
was careful to ensure the correct level of this signal 
under all conditions, including power-related situ- 
ations when the system is turned off or on. Only 
recently has the convenience of E^ROM been avail- 
able in devices which can be written with simple 
TTL-compatible signals. SEEQ offers such devices 
in several densities. 

With the advent of five-volt E^ROMs, non-volatile 
memory has shown far greater flexibility and ease 
of implementation. The ease of use allowed by TTL 
interfaces cannot release the designer from the 
normal constraint of ensuring reliable operation 
during power on/off situations. What signals should 
the interface devices provide when the system is 
turned off or on (or otherwise loses power)? Under 
conditions of extreme or repeated brownouts? Dur- 
ing times such as these, when Vcc rnay be outside 
of specified limits for correct operation of support 
logic, this support logic can supply signals to the 
E^ROM which initiate an undesired write cycle. This 
causes an inadvertent write to a location in the 
E^ROM. In order to ensure system reliability in such 
situations, it is very important to ensure that inputs 
(during power up/down conditions) from support 
devices do not cause inadvertent writes to an E^ROM 
device. A certain amount of the required protection 
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is included on-board the E^ROMs, and is described 
below. At the system designer's option, system 
reliability may be enhanced by absolute prevention 
of false writes. 

The purpose of this application note is to provide 
the system designer with a simple method by which 
to prevent false writes during power-up and power- 
down situations. A simple circuit is shown (see 
Figure 1), its operation is explained, and some useful 
design considerations are outlined. 



DiJS. 



U 



Ri = 63.4 Kn (1% Metal Film) 

Rg = 71.5 Kn (1% Metal Film) 

R3 = 51 Kn 

R4 = 1.5 Mn (1% Metal Film) 

R5 = 10 Kn 

Di = LT1004 - 2.5 



Figure 1. E'ROM Write-Protectlon Circuit 
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The ideas and designs presented in this note are 
meant to serve as a starting point for the designer, to 
assist him in accomplishing his goal. The solution 
given, however, is not the only approach. There are 
many ways to ensure desired signals to the E^ROM 
during power up/down conditions. The designer is 
encouraged to tailor his solution to the specific re- 
quirements of his application. 

Using E^ROM's Built-in Protection 

in SEEQ's E^ROMs, protection against false writes 
has been simplified by 3 built-in protection mech- 
anisms on the chip. This protection logic (transparent 
to the user) does not make writing any less con- 
venient. Table 1 shows the conditions which are 
required in order to guarantee initiation of a write 
cycle Vcc must be within specified limits, CE must be 
active low, and OE mus t be V|h, Tqs (50 ns) before 
the falling edge of WE. Due to E^ROM's protection 
logic, under certain other conditions, there are modes 
in which writing is inhibited (see Table 2). First, if Vcc 
is less than 3.0 V, writing is prev ented, regardless of 
the other input signals. Second, OUTPUT ENABLE 
(OE) at V|L (satisfying Tcs) inhibits writing. Third, in 
order to inhibit a write cycle, WE or CE can be held 
at V|H. 

Several failure modes are prevented by the protection 
logic described above. For example, if Vcc comes up 

Table 1. Conditions Required to Guarantee 
Write-Cycle Initiation in E^ROIVIs 



WE 


CE 


OE 


Vcc 


Ali 
Other 
Pins 




V|L 


V|H 


4.5 -5.5 V 


X 



Notes: 

1. Active levels shown In above table require Ts set-up time of 
50 ns (see E^ROM's data sheet) 

2. X = TTL Don't Care. 



with WE already low, this will be interpreted as a 
continuous low on WE and will not initiate a write 
cycle, because a falling edge on WE is required 
AFTER Vcc '■ises. Inadvertent writes are prevented 
when Vcc is less than 3.0 V (see Table 2); all that is 
left to external circuitry is write-protection for Vcc 
between the levels of 3.0 V (the lowest Vcc level at 
which the device can write) and the Vcc level at 
which the support logic issues valid signals. 

External Write-Protection Circuitry 

With the protection logic on board the E^ROMs, the 
part can be protected against inadvertent writes in 
any of several ways. The system designer can ensure 
that CE is high during power-up and power-down. 
Alternatively, one can ensure that WE never has a 
falling edge during power-up or power-down. For 
example, one could ensure that WE stays at V|l on 
power-up until a latch is reset, releasing a pull-down. 
This would ensure write prevention. 

Another manner of write protection has been to bring 
OE low during power-up and power-down. This in- 
hibits writing (see Table 2), often allows the simplest 
realization, and is the general path chosen in this 
application note. Yet the timing and levels of signals 
provided must be scrutinized here, as well. 

Merely inserting a pull-up on OE will tend to pull OE 
down when Vcc is low, but may not force a valid Vil 
level. Inserting a low forw ard volt age drop diode 
between the system-wide RESET signal and the 
E^ROM's OE signa l may w ork, but depends on the 
timing of Vcc and RESET. 

The specific form of protection against inadvertent 
write cycles chosen for this application note, one 
with more certainty of protecting against inadvertent 
writes, is to force either OE low (ViJ or CE High 
(V|h) during power-up and power-down. Figure 1 
shows a circuit that can be used to fulfill this 
requirement. 



Table 2. Conditions Required to Inhibit Write-Cycle Initiation in E^ROMs 





WE 


CE 


OE 


Vcc 


All Other Pins 


Inhibition Mode 1 


VlH 


X 


X 


X 


X 


Inhibition Mode 2 


X 


V|H 


X 


X 


X 


Inhibition Mode 3 


X 


X 


V|L 


X 


X 


Inhibition Mode 4 


X 


X 


X 


Under 3.0 V 


X 



Notes: 

1. Active levels shov\^n in above table require Tg set-up time of 50 ns (see E^ROM's data sheet) 

2. X = TTL Don't Care. 
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The circuit shown in Figure 1 provides a proper 
output signal (comparator's output) to prevent false 
write. During power-up, as is shown in Figure 2A, the 
output of the comparator is kept low from the time 
that Vcc is 2.5 V until it reaches 4.8 volts. The output 
switches to V|h when Vcc goes above 4.8 volts. 
During power-down, however, as is shown in Figure 
2B, the comparator's output is forced low as soon as 
Vcc falls below 4.6 V and is kept low until Vcc goes 
below 2.5 volts. Circuit functionality is not guaran- 
teed below this point. 

To prevent inadvertent writes, either OE or CE pin 
can be used. The first method is by forcing and 
keeping OE low (ViJ when Vcc is below 4.5 volts. 
This can be done, as is shown in Figure 3A, by 
connecting comparator's output directly to E^ROM's 
OE pin. As soon as Vcc falls below 4.6 V, the OE is 
forced low preventing any internal write initiation. 
This pin is kept low (valid) until Vcc goes below 2.5 
volts. Internal protection circuitry protects the part 
beyond this point (activated when Vcc falls below 
3.0 V). 

The second method of protecting the part against 
inadvertent write is by forcing and keeping CE high 
when Vcc is below 4.5 and above 2.5 volts. This can 
be done, as is shown in Figure 3B, by NAND gating 
(74HCT00) the comparator's output with a CS signal. 
The output of the NAND gate, which is connected to 
E^ROM's CE pin, is controlled by the CS input when 
Vcc is above 4.6 volts. The other input controls 
NAND gate's output when Vcc is below 4.6 V (above 
2.5 V). Keep in mind that the CS line must be a high 
true signal and the NAND gate should be a high 
speed CMOS device. 

Either method described above can be used for pro- 
tection against inadvertent writes. System designers 
have to determine their need first and based upon 
that, select one of the above circuits or one of their 
own. 

Circuit Operation 

The circuit shown in Figure 1 is designed to provide 
a high (V|h) output (comparator's output) when Vcc 
is above 4.8 volts and a low (V|l) output when Vcc 
falls below 4.6 V (above 2.5 V). This is done by using 
a comparator (LM193 available from National Semi- 
conductor), a temperature compensated voltage refer- 
ence device (LT1004IVIH-2.5 available from Linear Tech- 
nology) and a few resistors. The circuit has been 
designed to operate over military temperature range. 

As it can be seen in Figure 1, the negative input of 
the comparator is connected to ground through a 
temperature compensated voltage reference device 
(Di) and to Vcc through a resistor (R3). As long as 




Figure 2A. Timing Diagram— Power-Up Using 
Either CE or OE Protection 




Figure 2B. Timing Diagram — Power-Down Using 
Eitlier CE or OE Protection 
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Figure 3A. OE Protection Circuit 



Figure 3B. CE Protection Circuit 



Vcc is below 2.5 V, Di is not conducting (no current 
flow through it). However, as soon as Vcc goes 
above 2.5 V and stays there, Di conducts providing a 
2.5 V reference voltage at the negative input (no 
current flow into negative input). The resistor (R3) is 
used to limit the amount of current through Di. 

The positive input on the other hand, is connected to 
a voltage divider (Ri & R2) as well as the output 
(through R4). The voltage at this input forces the 
output to go either high (V|h) or low (V|l). When Vcc 
is below 4.6 V the voltage divider causes this input to 
be below reference voltage with respect to ground 
forcing the output low. On the other hand, when Vcc 
goes above 4.8 V, the positive input voltage goes 
above reference voltage forcing the output high. The 
output stays high as long as Vcc is above 4.8 volts. 
The feedback resistor (R4) is used to enforce output 
voltage on the positive input while R5 is used as a 
pull-up resistor Proper device selection, as is recom- 
mended in this Application Note, can insure correct 
operation of the circuit over military temperature 
range. 

System Consideration 

As was mentioned above, correct circuit operation 
requires proper device selection. The comparator and 
temperature compensated voltage reference device 
(Di) selections are critical. You have to be sure that 
D-i provides 2.5 V drop across allowing half a volt 
safety margin between external protection circuit and 
the internal one (3.0 V internal power protection). It is 
suggested to use devices recommended in this Appli- 



cation Note. Other circuit elements that can influence 
circuit operation are the resistors. For correct opera- 
tion over temperature, it is recommended to use 1% 
metal film resistor for Ri, R2 and R4. The other two 
can be carbon film resistors. 

If CE pin is used for protection, the comparator's 
output must be NAND gated with a OS signal. Proper 
gate output is guaranteed if a high speed CMOS gate 
is used. Also, designers have to make sure that the 
CS input is a high true signal. However, no NAND 
gate is needed if OE pin is used to protect the part 
against false write. Comparator's output can be con- 
nected to OE (through^). A choice of values for Rs 
Resistor depends on OE driver (RD line). The Rs 
resistor is used to insure a low OE input when Vcc is 
below 4.6 V (comparator's output is low). If open 
collector driver is used, the pull-up resistor can 
replace Rs. 



Conclusion 

It has always been important for a system designer to 
ensure reliability as his system is turned off and on. 
Currently, the importance of this area of design is 
increasing. As the usage of five-volt E^ROIVIs in- 
creases, applications are expanding into environ- 
ments where Vcc rnay be undependable, power 
glitches may exist, and in general a system must be 
more fault-tolerant. With the circuit contained in this 
application note, the designer can more easily ensure 
that his system meets applicable specifications and is 
able to utilize the convenience of E^ROMs. 
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SECTION 6 



SALES OFFICE LISTINGS 



SALES OFFICES 



Corporate Sales and 

Marketing 

Headquarters 

SEEQ Technology. Inc. 
1849 Fortune Drive 
San Jose. CA 95131 
(408) 942-1990 
TWX: 910-338-2313 
Telex; 296609 



Southern California 
Sales Office 

SEEQ Technology, Inc. 
1450 North Tusfin Ave.. 
Suite 223 

Santa Ana, CA 92705 
(714) 547-0150 
TWX: 910-595-1548 



Western Area Sales 
Office 

SEEQ Technology, Inc. 

4675 Stevens Creek Blvd. 

Suite 135 

Santa Clara. CA 95051 

(408) 554-9111 

telex: 287217 



Central Area Sales 
Office 

SEEQ Technology. Inc. 
500 Park Boulevard 
Suite 465 
Itasca, IL 60143 
(312) 773-3860 
TWX: 910-851-3057 



South Central Area 
Sales Office 

SEEQ Technology Inc. 
14651 Dallas Pkway 
Suite 420 
Dallas, TX 75240 
(214) 960-9570 
Telex: 852620 



Eastern Area Sales 
Office 

SEEQ Technology. Inc. 
15 New England 
Executive Park 
Burlington. MA 01803 
(617) 29-6350 
TWX: 710-332-8926 



Mid-Atlantic Area 
Sales Office 

SEEQ Technology Inc. 
487 Devon Park Dr. #211 
Wayne. PA 19087 
(215) 964-9080 
Telex: 211626 



Authorized North American 
Manufacturer's Representatives 



Alabama 

Electronic Sales. Inc. 
Huntsville. AL 
(205) 533-1735 

Arizona 

Compass Marketing, Inc. 
Phoenix. AZ 
(602) 996-0635 

Compass Marketing 
Tucson, AZ 
(602) 293-1220 

California 

Bestronics 
Culver City, CA 
(213) 870-9191 



Calilornia (Cont.) Florida (Cont.) 

Martronix Dyne-A-Mark Corp. 

Fallbrook. CA 92026 Fort Lauderdale. FL 

(619) 728-7678 (305) 771-6501 



Indiana (Cont.) 
Valentine & Assoc. 
South Bend. IN 
(219) 288-7070 



Minnesota 

Cahill. Schmitz & Cahill 

St. Paul. IVIN 

(612) 646-7217 



Bestronics 
Irvine. CA 
(714) 261-7233 

Bestronics 
Woodland Hills. CA 
(818) 704-5616 



Taarcom, Inc. 
Mountain View. CA 
(415) 960-1550 

Connecticut 

New England Tech. Sales 
Meridian. CT 
(203) 237-8827 



Colorado 

Component Sales 
Englewood. CO 
(303) 779-8060 

Florida 

Dyne-A-Mark Corp. 
Clearwater. FL 
(813) 441-4702 



Dyne-A-Mark Corp. 
Maitland. FL 
(305) 831-2097 

Dyne-A-Mark Corp. 
Palm Bay, FL 
(305) 727-0192 

Georgia 

Electronic Sales, Inc. 
Norcross. GA 
(404) 448-6554 

Illinois 

KMA Sales 

Rolling Meadows. IL 

(312) 398-5300 

Indiana 

Valentine & Assoc. 
Greenwood. IN 
(317) 888-2260 



Iowa Missouri 
Advanced Technical Sales Advanced Tech. Sales 

Overland Park. KS St. Louis. MO 

(913) 642-6675 (314) 878-2921 

Kansas New Mexico 

Advanced Technical Sales Compass Marketing 

Overland Park. KS Albuquerque. NM 

(913) 642-6675 (505) 888-0800 

Maryland New %rk 

L.D. Lowery ERA Inc. 

Columbia. MD Commack. NY 

(301) 964-0225 (516) 543-0510 

Massacliuselts GenTech 

New England Tech. Sales. Binghamton. NY 

Burlington. MA 01803 (607) 648-8833 
(617) 272-0434 

Michigan 

Rathsburg Assoc. Inc. 
Detroit. Ml 
(313) 882-1717 



New Ifcrk (Cont.) 
GenTech 
Liverpool, NY 
(315) 451-3480 

GenTech 
Pittsford, NY 
(716) 381-2820 

GenTech 

Pleasant Valley, NY 

(914) 635-3233 

North Carolina 
ESI 

Cary NC 
(919) 467-8486 

Ohio 

The Lyons Corp. 
Dayton. OH 
(513) 278-0714 

The Lyons Corp. 
Richfiled. OH 
(216) 659-9224 



Oklahoma 

Bonser-Philhower Sales 
Tulsa. OK 
(918) 744-99964 

Oregon 

Northwest Marketing 
Assoc. Inc. 
Portland. OR 
(503) 620-0441 

Pennsylvania 

L.D. Lowery 
Broomall. PA 
(513) 278-0714 

The Lyons Corp. 
Bridgeville. PA 
(513) 278-0714 

Texas 

Bonser-Philhower Sales 
Austin, TX 
(512) 346-9186 

Bonser-Philhower Sales 
Houston, TX 
(713) 531-4144 



Texas (Cont.) 
Bonser-Philhower Sales 
Richardson, TX 
(214) 234-8438 

Utah 

Waugaman Assoc. Inc. 
Salt Lake City UT 
(801) 261-0802 

Washington 

Northwest Marketing 
Assoc. Inc. 
Bellevue, WA 
(206) 455-5846 

Wisconsin 

KMA Sales 
Milwaukee. Wl 
(414) 259-1771 

Canada 

Electro Sources. Inc. 
Rexdale, Ontario 
Canada 
(416) 675-4490 



Authorized North American Distributors 



Alabama 

RM Electronics 
Huntsville. AL 
(205) 852-1550 

Schweber Elect. Inc. 
Huntsville. AL 
(205) 882-2200 

Arizona 

Anthem ElecL, Inc. 
Tempe. AZ 
(602) 244-0900 

Schweber Elect. Inc. 
Phoenix. AZ 
(602) 997-4874 

Time Electronics 
Tempe. AZ 
(602) 967-2000 

Calilornia 

Anthem Elect. Inc. 
Chatsworth. CA 
(213) 700-1000 

Anthem Elect, Inc. 
E. Irvine. CA 
(714) 768-4444 

Anthem Elect. Inc. 
San Diego. CA 
(619) 279-5200 

Anthem Elect, Inc. 
San Jose, CA 
(408) 946-8000 
Bell Industries 
Roseville, CA 95678 
(916) 969-3100 

Bell Industries 
Sunnyvale, CA 94089 
(408) 734-8570 

Schweber Elect. Inc. 
Canoga. CA 
(213)M9-4702 

Schweber Elect. Inc. 
Irvine. CA 
(714) 556-3880 

Schweber Elect. Inc. 
Sacramento. CA 
(916)^29-9732 



California (Cont) 
Schweber Elect. Inc. 
San Diego. CA 
(619) 450-0454 

Schweber Elect. Inc. 
San Jose. CA 
(408) 946-7171 

Time Electronics 
Anaheim. CA 
(714) 937-0911 

Time Electronics 
Chatsworth, CA 
(818) 998-7200 

Time Electronics 
San Diego, CA 
(619) 586-1331 

Time Electronics 
Sunnyvale, CA 
(408) 734-9888 

Time Electronics 
Torrance, CA 
(213) 320-0880 

Colorado 

Anthem Elect, inc. 
Englewood. CO 
(303) 790-4500 

Bell Industries 
Wheatridge. CO 
(303) 424-1985 

Time Electronics 
Englewood. CO 
(303)850-7701 

Connecticut 

Lionex 
Meriden. CT 
(203) 265-1244 

Schweber Elect, Inc. 
Danbury. CT 
(203) 792-3500 

Time Electronics 
Cheshire. CT 
(203) 271-3200 



Florida 

Schweber Elect. Inc. 
Altamonte Springs. FL 
(305) 331-7555 

Schweber Elect. Inc. 
Hollywood. FL 
(305) 927-0511 

Time Electronics 
Ft. Lauderdale. FL 
(305) 974-4800 

Time Electronics 
Orlando. FL 
(305) 841-6565 

Georgia 

Electro-Air Corp. 
Atlanta. GA 
(404) 351-3545 

Q.C./Southeast Inc. 
Norcross. GA 
(404) 449-9508 

Schweber Elect. Inc 
Norcross. GA 
(404) 449-9170 

Time Electronics 
Norcross, GA 
(404) 448-4448 

Illinois 

RM Electronics 
Elk Grove Village. IL 
(312) 364-6622 

Schweber Elect. Inc. 
Elk Grove Village. IL 
(312) 364-3750 

Time Electronics 
Wood Dale, IL 
(312) 350-0610 

Indiana 

Graham Electronics 
Fort Wayne, IN 
(219) 423-3422 

Graham Electronics 
Indianapolis, IN 
(317) 634-8202 



Indiana (Cont.) 
Graham Electronics 
Lafayette. IN 
(317) 423-5564 

RM Electronics 
Indianapolis. IN 
(317) 291-7110 

Iowa 

Schweber Elect. Inc. 
Cedar Rapids. lA 
(319) 373-1417 

Kansas 

Schweber Elect. Inc. 
Overland Park. KS 
(913) 492-2921 

Maryland 

Lionex 

Columbia, MD 
(303) 964-0040 

Schweber Elect. Inc. 
Gaithersburg. MD 
(301) 840-5*0 

Time Electronics 
Columbia. MD 
(301) 964-3090 

Massachusetts 

Lionex 

Wiiminoton. MA 
(617) 657-5170 

Schweber Elect. Inc 
Bedford. MA 
(617) 275-5100 

Time Electronics 
Woburn. MA 
(617) 935-8080 

Michigan 

RM Electronics 
Grand Rapids. Ml 
(616) 531-9300 

Schweber Elect. Inc. 
Livonia. Ml 
(313) 525-8100 



Minnesota 

Schweber Elect. Inc 
Edina. MN 
(612) W1-5280 

Time Electronics 
Bloomington. MN 
(612) 944-9192 

Missouri 

Schweber Elect. Inc. 
Earth City, MO 
(314) 739-0526 

Time Electronics 
St. Louis. MO 
(314) 391-6444 

New Hampshire 

Schweber Elect. Inc. 
Manchester. NH 
(603) 625-2250 

New Jersey 
Lionex 
Fairfield. NJ 
(201) 227-7960 

Schweber Elect. Inc. 
Fairfield. NJ 
(201) 227-7800 

New Mexico 

Bell Industries 
Albuquerque. NM 
(505) 292-2700 

New Ybrk 

Lionex 

Hauppauge. NY 
(516)273-1660 

Schweber Elect. Inc. 
Rochester NY 
(716) 424-2222 

Schweber Elect. Inc. 
Westbury NY 
(516) 334-7474 



New Vbrk (Cont.) 
Time Electronics 
Hauppauge. NY 
(516)273-0100 

Time Electronics 
E. Syracuse. NY 
(315) 432-0355 

North Carolina 

Schweber Elect, inc. 
Raleigh. NC 
(919)867-0000 

Ohio 

Bell Industries 
Dayton. OH 
(513) 434-8231 

Graham Electronics 
Cincinnati. OH 
(513) 772-1661 

Graham Electronics 
Columbus. OH 
(614) 895-1590 

Schweber Elect. Inc. 
Beachwood. OH 
(216) 464-2970 

Schweber Elect. Inc 
Dayton. OH 
(513) 439-1800 

Time Electonics 
Dublin. OH 
(614) 761-1100 

Oklahoma 

Quality Components 
Tulsa. OK 
(918) 664-8812 

Schweber Elect, inc. 
Tulsa. OK 
(918) 622-8000 

Oregon 

Anthem Electronics 
Lake Oswego. OR 
(503) 684-2661 

Bell Industries 
Lake Oswego. OR 
(503) 241-4fl5 

Time Electronics 
Portland. OR 
(503) 685-3780 

Pennsylvania 

Lionex 
Horsham. PA 
(215) 443-5150 



Pennsylvania 

Schweber Elect, Inc. 
Horsham, PA 
(215) 441-0600 

Schweber Elect, Inc. 
Pittsburgh. PA 
(412) 782-1600 

Time Electronics 
Kino of Prussia. PA 
(215) 337-0900 

Texas 

Quality Components 



Quality Components 
Austin, TX 
(512) 835-0220 



RM Electronics 
Dallas, TX 
(214) 869-2080 

Schweber Elect. Inc. 
Austin. TX 
(512) 458-8253 

Schweber Elect. Inc. 
Dallas. TX 
(214) 661-5010 

Schweber Elect. Inc. 
Houston. TX 
(713) 784-3600 

Time Electronics 
Austin. TX 
(214) 241-7441 

Time Electronics 
Dallas, TX 
(214) 241-7441 



Salt Lake City, UT 



Utah (Cont) 
Bell Industries 
Salt Lake City. UT 
(801) 972-6969 

Washington 

Anthem Elect. Inc. 
Redmond. WA 
(206) 881-0850 

Bell Industries 
Bellevue. WA 98005 
(206) 747-1515 

Time Electronics 
Bellevue. WA 
(206) 641-3640 

Time Electronics 
Redmond WA 
(206) 882-1600 

Wisconsin 

Bell Industries 
Waukesha. Wl 
(414) 547-8879 

RM Electronics 
New Berlin. Wl 
(414) 784-4420 

Schweber Elect. Inc. 
Brookfield. Wl 
(414) 784-9020 



Future Electronics 
Edmonton. Alberta 
(403) 486-0974 

Future Electronics 
Vancouver. British 
Columbia 
(604) 438-5545 

Future Electronics 
Downsview. Ontario 
(416) 638-4771 

Future Electronics 
Ottawa. Ontario 
(613) 829-8313 

Future Electronics 
Pointe Claire. Quebec 
(514) 694-7710 
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INTERNATIONAL SALES OFFICES 



Corporate International 
Sales Office 

SEED Technology, Inc. 
1849 Fortune Drive 
San Jose, CA 95131 

P 942-1990 
910-338-2313 
Telex; 296609 



Nortfiern European 
Sales Office 

SEEQ Int'l, Ltd. 
Dammas House 
Dammas Lane 
Old Town 

Swindon SN1 3EF U.K. 
Tel: 0793-694999 
Telex: 851444588 



Southern European 
Sales Office 

SEEQ Technology, Inc. 
53 Rue de Chambourcy 
78 300 Poissy, France 
Tel: 3-0741146 
Telex: 842695477 



Authorized International 

Manufacturer's Representatives/Distributors 



Australia 

RAE Industrial 
Electronics Pty. Ltd. 

Victoria 

Tel: (03) 277 4033 

Sydney 

Tel: (02) 232 6933 

Crows Nest 

Tel: (02) 439 7599 

Austinmer 

Tel: (02) 232 6933 

Austria 

Othmar Lackner Elektron 

Bauelemente & Cerate 

Vienna 

Tel: (0/222) 7526180 



Tel: (0/41) 362780 or 95 

Denmark 

Exatec 

Copenhagen 

Tel: (010) 45 156 5001 

Finland 

Komdel Oy 

Espoo 

TeL (010) 358 885 011 

Federal Rep. of Germany 

Adicom 

Industrie-Vertretungen 

Munich 

Tel: (0/89) 22 72 86 

Astek Electronik 

Vertriebs GmbH 

Hamburg 

Tel: (0/4106) 71084 or 86 



Federal Rep. of Germany 

Dacom Elecktronic 

Vertriebs GmbH 

Stuttgart 

Tel: 0711/741021-22 

H^etronik GmbH 

Munchen 

Tel: (0/89) 611 4063 

France 

Radio Television 

Francaise (RTF) 



RepTronic 

Paris 

Tel: (6) 928 8700 



Hong Kong 

Electrocon Products 

Ltd. 

Kowloon 

Tel: 3-687214-6 

India 

SRI RAH/I Assoc. 
Bangalore 
Tel: 802 140 

Israel 

Vectronics Ltd. 

Herzlia 

Tel: (0/52) 556070 or 71 

Italy 

Eledra 
Milano 
Tel: (0/2) 34 97 51 



(iefra Spa 
Milano 

Tel: (0/2) 235264 
Rome 
Tel:(0/6) 8456253 

Japan 

Japan Macnics 
Corporation (JMC) 



Osaka City 

Tel: (0/6) 325-0880 

Rikei 
Tokyo 
Tel: 345 1411 

Korea 

Hanaro 

Seoul 

Tel: (02) 783 7141 



Singapore/Malaysia 

Desner Electronics 
(Far East) PIE Ltd. 
Singapore 



New Zealand 

VSI Electronics (N.Z.) Ltd. 
Epsom, Auckland 
Tel: 600 760 

Norway 

Heko-Tech 
Fjellhamar 
Tel: 010 47 270 5244 



Spain 

Semiconductores 

Barcelona 

Tel: (9/3) 217 23 40 

Sweden 

Svensk Teleindustri AB 

Vallingby 

Tel: 010 46 438 0320 



South Africa Switzsriand 

Advanced Semiconductor Anatec AG Electronische 

Devices (PTY) Ltd. Bauteile 

Sandton Zug 

Tel: (Oil) 802-5820 Tel: (0/42) 315 477 



Taiwan 

Bright Up Industries 

Co. Ltd. 

Taipei 

Tel: (0/2) 773 2194 

Turkey 

Turkelek Electronic 
Co., Ltd. 

Ankara 

Tel: (41) 18 94 83 

Istanbul 

Tel: (1) 143 40 46 

United Kingdom 

iMicrobusiness Ltd. 
Newbury/Berkshire 
Tel: 0635/42808 

Kudos Electronics 
Wokingham/Berkshire 
Tel: 0734-794515 

Pronto Electronic 
Systems Ltd. 
Cants Hills/Essex 
Tel: (0/1) 554 6222 
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